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ABSTRACT 



A semiconductor device having high operating performance 
and reliability is disclosed, and its fabrication process is also 
disclosed. 

In an n-channel type TFT 302, an Lov region 207 is 
disposed, whereby a TFT structure highly resistant to hot 
carriers is realized. Further, in an n-channel type TFT 304 
forming a pixel portion, Loff regions 217 to 220 are dis- 
posed, whereby a TFT structure having a low OFF-current 
value is realized. In this case, in the Lov region, the n-type 
impurity element exists at a concentration higher than that of 
the Lorl regions, and the whole of the n-type impurity region 
(b) which constitutes the Lov region is sufficiently activated 
by optical annealing, so that a good junction portion is 
formed between the n-type impurity region and the channel 
forming region. 
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PROCESS OF FABRICATING A However, there is the problem that the OFF-current value 

SEMICONDUCTOR DEVICE of a polycrystalline silicon TFT is apt to become high. 

u A^DnrrNrn nc -run rm^MTTAM Further> in case of a 1*^0^1 line silicon TFT, there is 

BACKGROUND OF THE INVENTION observed the deterioration phenomenon that its ON-current 

1. Field of the Invention 5 value falls as in case of a CMOS transistor used in an IC or 

The present invention relates to a semiconductor device the ^ The maincause therefor lies in the injection of hot 

which has circuits constituted, over a substrate having an P?™ 1 ? 11 1S c ° n ^ered that the hot carriers generated by the 

insulating surface, of thin film transistors (hereinafter * lgh . elcctric * eId m thc vicmitv of thc *™ causc ^ 

referred to as TFTs) and its fabricating process. Particularly, deterioration phenomenon. 

the invention relates to an electro-optical device (also called 10 ^ 3 TFT struc ture for lowering the OFF-current value, 

electronic device) represented by a liquid crystal display tne h &htly doped drain (LDD) structure is known. This 

device or an EL (electroluminescence) display device which structure is made in such a manner that, between the channel 

is constituted in such a manner that a pixel portion (pixel forming region and the source region or the drain region to 

circuit) and driving circuits (control circuits) disposed in the which an impurity is added at a high concentration, an 

periphery of the pixel portion are provided on one and the 15 im P"nty re g*°n having a low concentration is provided. This 

same substrate and an electro-optical appliance (also called iow concentration impurity region is known as LDD region, 

an electronic apparatus) presented by an EL Further, as a structure for preventing the deterioration of 

(electroluminescence) display device, and an electric appli- tne ON-current value due to the injection of hot carriers, 

ance (also called electronic apparatus) on which an electro- lnerc ^ known the so-called GOLD (Gate-drain Overlapped 

optical device^ mounted. 20 LDD) structure. In case of this structure, the LDD region is 

In this specification, by semiconductor devices, devices in disposed so as to overlap the gate wiring through the gate 

general which function by utilizing the semiconductor char- insulating film, so that this structure is effective for prevent- 

acteristics are referred to, and the above-mentioned electro- ins thc in i ection of hot carriers in the vicinity of the drain to 

optical device and an electric appliance on which thc cnha nce thc reliability. For example, Mutsuko Hatono, 

electro-optical device is mounted are also covered by the 25 Ha J ime Akimoto and Takeshi Sakai: IEDM91TECHNICAL 

semiconductor devices. DIGEST pp. 523-526, 1997, discloses a GOLD structure by 

2. Description of the Related Art the ^ waU £°/ med of silicon > and il is confirmed that, 

• * , * < , _ according to this structure, a very high reliability can be 

The development of semiconductor devices which each o5tained as „ d ^ lhe ^ J ™ 

comprises a large-area integrated circuit formed of TFTS on ,„ P „ r)h „ . ... „. . ,. , . , ^mres. 

a substrate having an insulating surface is being advanced. 3 T ^ pUtel P °^°" ° f " act,v ? matnx ^ ^ 

Known as representative examples of these semiconductor devlce ,' h a ] " » d ^ osed 1° eac , h of sev L eral 

devices are an active matrix type liquid crystal display ^f'T * seve . r ?' hun ?/ e d miUions of pixels, and these 

device, an EL display device, knd a contact type image ^ sare «^ provided w.th a pael electrode. At the side of 

sensor. Particularly; TFTs (hereinafter referred to as poly- 35 Tonl'f *«P lx /. elec ^e through the 

crystalline silicon TFTs) each constituted in such a manner 35 J^Tf' ? ,„ t r ■ ? * ^ f ° rm - 

that a crystaUine silicon film (typically, a polycrystalline Sfen ^ „ , r^f '^^ =^tal as a d,electnc 

silicon film) is rendered into an active layer have a high field L ^ J.S fiT^ fT T^T " C ° ntr ^ d 

effect mobility and thuscan form various functional circuits. ^ fT'tu™ f T t 0 conlral 1 ,he 

c . . . . . .. . , , charges to this capacitor, whereby the liquid crystal is 

For example, ,n an active matrix type liquid crystal 40 driven, and the quamity of transmitted light is controlled, 

display device, a pixel portion which effects image display thus displaying an image 

by every function block and driving circuits such as shift ii™,,.,,.- ,u. ,j •. c ■ 

registers, level shifters, buffers and sampling circuits which ^1™^ ?TTt factor ,s 

ar! based on CMOS circuits are formed on one substrate. § ± ?L^™i '° £ leakl f ^ ^ CaUSed for 

Further, in a contact type image sensor, driving circuits such 45 u^lf, & f °! F< V rre,,t etc " w J> lch m 

as sample and hold drcuits shift regis.ers multiplexed 45 uZT T < uantl 'y ? "™«> 

r 0 ? T sr rollin8 the pixel portion arc fonned by the %^^%z£& Ts&tsst 

Since these driving circuits (also known as peripheral Z^^S^^^^ 

iz^riz^^^^s 50 z^s?3£3%r t ,ost by ihe ^ 

A (f^ T*.^ r • , 2- • 1 -rr~n r. ■ • naving tne liquid crystal as its dielectric was compensated 
differ not a httle. In the pixel portion, pixel TFTs functioning for wui^umiw 

as switch elements and auxiliary capacitance storage are 

provided, and a voltage is applied to the liquid crystal to SUMMARY OF TOE INVENTION 

drive it. Here, the liquid crystal needs to be driven by AC, 55 However, the characteristics required of the pixel TFTs in 

and the system called frame inversion driving is adopted in the pixel portion and the characteristics required of the TFTs 

many cases. Accordingly, for the characteristics required of (hereinafter referred to as driving TFR) in the driving 

the TFTs, it was necessary to keep the OFF-current value circuits such as the shift registers and the buffers are not 

(the value of thc dram current flowing when a TFT is in necessarily identical with each other. For example in case of 

OFF-operation) sufficiently low, 60 a pixel TFT, a large reverse bias (rninus, in c^se of an 

Further, the buffer, to which a high driving voltage is n-channel type TFT) voltage is applied to the gate wiring, 

applied, had to have its withstand voltage enhanced up to but a driving TFT is never operated with a reverse bias 

such a degree that the buffer would not be broken even if a voltage applied thereto. Further, the operating speed of the 

high voltage was applied thereto. Further, in order to former TFT can be V100 or lower of the operating speed of 

enhance the current driving ability, it was necessary to 65 the latter TFT. 

sufficiently secure the ON,current value (the value of the Further, the GOLD structure has a high effect for pre- 

drain current flowing when thc TFT is in ON-operation). venting the deterioration of the ON-current value, indeed 



f 



US 6,306,694 Bl 



but, on the other hand, has the defect that the OFF-current 
value becomes large as compared with the ordinary LDD 
structure. Accordingly, it could not be considered that the 
GOLD structure was a desirable structure particularly for the 
pixel TFT. It has been known that, conversely, the ordinary 5 
LDD structure has a high effect for suppressing the OFF- 
current value but is low in resistance to the injection of hot 
carriers. 

As stated above, it was not always desirable to form all the 
TFTs with the same structure, in a semiconductor device JO 
including a plurality of integrated circuits as in case of an 
active matrix type liquid crystal display device. 

Further, in case, as according to the known technique 
described above, a capacitance storage using a capacitor 
wiring is formed in the pixel portion so as to secure a 1S 
sufficient capacitance, the aperture ratio (the ratio of the 
image-display able area to the area of each pixel) had to be 
sacrificed. Particularly, in case of a small-sized, highly 
precise panel as is used in a projector type display device, 
the area per pixel is small, so that the reduction of the 20 
aperture ratio due to the capacitor wiring has become a 
problem. 

The present invention relates to a technique for giving 
solutions to such problems, and it is the purpose of the 
invention to make the structures of the TFTs disposed in the 25 
respective circuits of a semiconductor device appropriate in 
accordance with the functions of the circuits to thereby 
enhance the operability and reliability of the semiconductor 
device. Further, it is the object of the invention to provide a 
fabrication process for realizing such a semiconductor 30 
device. 

Another purpose of the invention is to provide a structure, 
for a semiconductor device having a pixel portion, which 
structure is constructed in such a manner that the area of the 
capacitance storage provided to each pixel is reduced to 35 
enhance the aperture ratio. Further, the invention provides a 
process of fabricating such a pixel portion. 

In order to solve solutions to the problematic points 
mentioned above, a semiconductor device including a pixel 4Q 
portion and driving circuits on one and the same substrate 
according to the present invention is constituted in such a 
manner that; 

the LDD regions of an n-channel type TFT forming each 
of the driving circuits are formed so as to partially or 45 
wholly overlap the gate wiring of the n-channel type 
TFT through the gate insulating film, 
the LDD regions of a pixel TFT forming the pixel portion 
are formed so as not to overlap the gate wiring of the 
pixel TFT through the gate insulating film, and, 50 
in the LDD regions of the n-channel type TFT forming the 
driving circuit, an n-type impurity element is contained 
at a concentration higher than that of the LDD regions 
of the pixel TFT. 
Further, in addition to the structure mentioned above, the 55 
capacitance storage of the pixel portion may be formed of a 
light screening film provided on an organic resin film, an 
oxide of the light screening film and the pixel electrode. By 
so doing, the capacitance storage can be formed by the use 
of a very small area, so that the aperture ratio of the pixels $0 
can be enhanced. 

Further, a more detailed structure according to the present 
invention lies in a semiconductor device including a pixel 
portion and driving circuits on one and the same substrate, 
which is characterized in that 6S 
the driving circuits include a first n-channel type TFT 
formed in such a manner that the whole of the LDD 



regions overlaps the gate wiring through the gate 
insulating film and a second n-channel type TFT 
formed in such a manner that portions of the LDD 
regions overlap the gate wiring through the gate insu- 
lating film, and, 
in the pixel portion, there are included pixel TFTs each 
formed in such a manner that the LDD regions does not 
overlap the gate wiring through the gate insulating film. 
It is a matter of course that the capacitance storage in 
the pixel portion may be formed of a light screening 
film provided on an organic resin film, an oxide of the 
light screening film and the pixel electrode. 
In the structure mentioned above, in the LDD regions of 
the n-channel type TTF forming a driving circuit, an element 
belonging to the group XV of the periodic table is to be 
contained at a concentration 2 to 10 times as high as that in 
the LDD regions of the pixel TFT. Further, it is also possible 
to form the LDD region of the first n-channel type TFT 
between the channel forming region and the drain region and 
to form the LDD regions of the second n-channel type TFT 
at both sides of the channel forming region. 

Further, the consti tution of the fabrication process accord- 
ing to the invention is as follows: 

A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits on one and the 
same substrate, comprising 
the first step of forming a semiconductor film containing 

a crystalline structure on the substrate, 
the second step of subjecting said crystalline structure 
containing semiconductor film to a first optical 
annealing, 

the third step of forming a protective film on the crystal- 
line structure containing semiconductor film which has 
been subjected to said first optical annealing, 

the fourth step of adding a p-type impurity element, 
through said protective film, to those regions of said 
crystalline structure containing semiconductor film 
which are to constitute n-channel type TFTs forming 
said driving circuits, whereby p-type impurity regions 
(b) are formed, 

the fifth step of adding an n-type impurity element, 
through said protective film, to those regions of said 
crystalline structure containing semiconductor film 
which are to constitute n-channel type TFTs forming 
said driving circuits, whereby n-type impurity regions 
(b) are formed, 

the sixth step of subjecting, to a second optical annealing, 
the crystalline structure containing semiconductor film 
which has undergone the fifth step, 

the seventh step of patterning the crystalline structure 
containing semiconductor film which has undergone 
the sixth step to form active layers, 

the eighth step of forming a gate insulating film on said 
active layers, 

the ninth step of forming gate wirings on said gate 

insulating film, 
the tenth step of adding an n-type impurity element to said 

active layers by the use of said gate wirings as a mask 

to form n-type impurity regions (c), 
the eleventh step of etching said gate insulating film by 

the use of said gate wirings as a mask, 
the twelfth step of adding an n-type impurity element to 

said n-channel type TFTs to form n-type impurity 

regions (a), and 
the thirteenth step of adding a p-type impurity element to 

the active layer of said p-channel type TTF to form 

p-type impurity regions (a). 
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In this structure, the order of the first step to the 8th step 
may be suitably changed. In whatever order these steps arc 
carried out, the basic functions of the finally formed TFTs 
remain unchanged, and thus, the change of the step order 
does not impair the effects of the invention. 5 

Further, the order of the step of forming the p-type 
impurity regions (a), the step of forming the n-type impurity 
regions (a) and the step of forming the n-type impurity 
regions (b) can also be suitably changed. In this case, in 
whatever order the steps are carried out, the basic functions 10 
of the finally formed TFTs also remain unchanged; and thus, 
such change in the step order does not impair the effects of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 15 

FIGS. 1A-1F are diagrams showing some steps for fab- 
ricating a pixel portion and a driving circuit. 

FIGS. 2A-2F are diagrams showing some steps for fab- 
ricating the pixel portion and the driving circuit, ^ 

FIGS. 3A-3C are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIG. 4 is a diagram showing the sectional structure of the 
active matrix type liquid crystal display device. 

FIG. 5 is a diagram showing the LDD structure of a 25 
n-channel type TFT. 

FIG. 6 is a perspective view of an active matrix type liquid 
crystal display device. 

FIG. 7 is a block diagram of the active matrix type liquid 
crystal display device. 

FIGS. 8A and 8B are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 9A-9D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 35 

FIGS. 10A and 10B are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 11A-11D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 12A-12D are diagrams showing some steps for 40 
fabricating the pixel portion and the driving circuit. 

FIGS. 13A-13E are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 14A-14D are diagrams showing some steps for 45 
fabricating the pixel portion and the driving circuit. 

FIGS. 15A-15F are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit, 

FIGS. 16A-16D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 50 

FIGS. 17A-17D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 18A-18D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 19A-19F are diagrams showing some steps for 55 
fabricating the pixel portion and the driving circuit. 

FIGS. 20A-20D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 21A-21C are diagrams showing some steps for 6Q 
fabricating the pixel portion and the driving circuit. 

FIGS. 22A-22D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 23A-23F are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. $5 

FIGS. 24A-24D are diagrams showing some steps for 
fabricating a crystalline semiconductor film. 



FIGS, 2SA-25D are diagrams showing some steps for 
fabricating the crystalline semiconductor film. 

FIGS. 26 A — 26 A are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 27A-27D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 28A-28D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 29A-29D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIGS. 30A-30D are diagrams showing some steps for 
fabricating the pixel portion and the driving circuit. 

FIG. 31 is a diagrams showing the structure of an active 
matrix type EL display device. 

FIGS. 32A-32B are diagrams showing the upper surface 
structure and the sectional structure of the EL display device. 

FIG. 33 are diagrams showing the sectional structure of 
the EL display device. 

FIGS. 34A-34B are diagrams showing the upper surface 
structure of the pixel portion of the EL display device. 

FIG. 35 are diagrams showing the sectional structure of 
the EL display device. 

FIGS. 36A-36C are diagrams showing the circuit 
arrangement of the pixel portion of the EL display device. 

FIGS. 37A-37F are diagrams showing examples of elec- 
tric appliances. 

FIGS. 38A-38D are diagrams showing example of elec- 
tric appliances, 

FIGS. 39A and 39B are diagrams showing the structure of 
an optical-engine. 

FIG. 40 is a diagram showing a graph of the relationship 
between drain current (ID) and gate voltage (VG) on an 
n-channel TFT formed in accordance with the present inven- 
tion. 

FIGS. 41A and 41B are diagrams showing differences in 
electrical characteristics between two embodiments of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will now 
be described in detail below. 

Embodiment 1 

An Embodiment of the invention will now described 
referring to FIGS. 1 to 4. Here, the process of simulta- 
neously fabricating the TFTs in the pixel portion and in the 
driving circuits provided in the periphery of the pixel portion 
will be described. However, for simplicity of the description, 
it is to be assumed that, in the driving circuits, a CMOS 
circuit which is the basic circuit of a shift register, a buffer, 
etc. and an n-channel type TFT forming a sampling circuit 
are shown. 

Referring to FIG. 1A, as a substrate 100, a glass substrate 
or a quartz substrate is preferably used. Besides, there may 
also be used a substrate formed in such a manner that an 
insulation film is formed on the surface of a silicon substrate, 
a metal substrate or a stainless steel substrate. It is also 
possible to use a plastics substrate (including a plastics film, 
too) in case the heat resistance thereof permits. 

On the surface of the substrate 100 on which the TFTs are 
formed, a, ground film 101 which comprises a silicon- 
containing insulation film (which is a generic name, in this 
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specification, standing for a silicon oxide film, a silicon formed, care should be taken not to allow it to be exoosed 

nitride film or a silicon oximtndc film) was formed to a to the atmospheric air, whereby it becomes possK 

tb.clcness of 100 to 400 nm by the plasma CVD method or prevent the contamination of the surface; and the'd je sion 

the sputtering method. Further, by the silicon oxtmtride film in characteristics of the TFTs fabricated can be reduced 
mentioned m this specification, an insulation film repre- 5 M ext tn th „ -^-.m™ „- r fil ,„., t , , , 

sented by SiOxNy (wherein 0<x and y<!) is referred to; an hearnTemitS 7™ u T ' ^ ^ ^ 

insulation film containing silicon, oxygen and nitrogen a, a 3, ^^Sr.'T ^ "^T* 

predetermined ratio is referred to. Further, the silicon oxini- ^erebv famTJ^i* v r, IT* anneahn g) to 

gases, and the concentration of the nitrogen contained is JO ^aZ^^M™^^-"?"^^ 

preferably set to at leas, 25 atomic % but le.ss than 50 atomic , at on tLtis Sab e Hu ZT °% """T"' ^ 

^ lauon type is desirable, but the beam of an argon laser of the 

r u.- e u j- i t „ continuous oscillation type may also be used. Further the 

In this Embodiment, as the ground film 101, a double beam shape of the laser beam may either be W or 

layer structure film was used which was comprised of a rectangular. (FIG. IB) ' 

silicon oxinitride film formed to a thickness of 25 to 100 nm, « Piirth P r in^^tui., u 

(a thickness of 50 nm, here), and a silicon oxide film formed em Ef om a top mav ^ ^ 

to a thickness of 50 to 300 nm (a thickness of 150 nm, here), Z reffrrS fn 7^5, ir . radlatc A d ^ hl f h Wl11 h erein- 

The ground layer 101 is provided for preventing the con- £ 0 f S * TlamT.r , f ^ m ^ lamp , Ugbt ' the 

tamination by .he impurities from the substrain case a , I° 86 " kmp °! m in&ared lamp can be used - 

quarts substrate is used, the ground layer may not necessar- 20 . 1 ae slep , 0l: Penorming heat treatment by the use of a laser 

ily be provided. beaB1 or a lam P h S nt IS ca"ed an optical annealing step. In 

Next, on the ground layer 101, a semiconductor film with Z^c^^^^y'TT^ heal 

amorphoussemiconductorfilmanLmicrc.rysta.in;" S3£^r , T" t f? ,,il 
conductor film are pointed out, and further! a compound an Sc fornlce 8 ( thermal annealmg) using 

semiconductor film containing an amorphous structure such i n , h ;. c mh „j,„„ , . 

as an amorphous silicon germanium film is also included. » ^S^^^^^^^ 

j.2s.. m p^^n^JiSSi xTa a r alin8 t ^ the laser •"-ssssr.: 

(corresponding to US Pat Mn « V ,1 XeC1 gas Was used as excitat "™ gas, the treating tempera- 

con film, in this Embodiment) 102 was formed. The tech- 35 ^^^^^f^r^T^S^^ 9 ^ 

nique disclosed in Japanese Patent Laid-open No. 130652/ f (P^ably, 350 to 400 mW). 

1995 pertains to a crystallizing means using a catalytic 'k'T ' a " n ,! ahn 8 »£? cam «" °* «°der the above- ' 

element (one or more elements Elected from among nickel, ZTuf, ,** thit ,he am0r P hous 

cobalt, germanium, tin, lead, palladium, iron and copper Si»d f d , cr Jf »"fion is perfectly 

typically nickel) for promoting the crystallization of the 40 SS™ t ™ "'^f^^^ 

amorphous silicon film. crystallized crystalline region are reduced. Therefore, this 

More specifica.ly, in the state in which the catalytic ^.SiSll^ 

Patent Laid-Open No. 130652/1995 is used, but the tech- opialTnneale ^ * fil5 ' 

nique accordmg to Embodiment 2 may also be used. Among Next a nmte Z^ w fiu™ „ 

the crystalline silicon films, so-called monocrystalline sili m lhe I 'IS* Tf ™ ft)m ? d m P re P aration »» 

con films and polycrystalline silicon films are also included, 50 l^™!^" "'LT^ CryStaUine silic0n 

but the crystalline silicon film formed in this Embodiment ft „1 ^ P 10 ^ film 104 > there wa = "«ed a silicon 

a silicon film having grain boundaries. (FIG. 1A) ?S . ^ f 3 1 1Con 0Xlde film havin 8 a thickness of 

The crystallization step is carried out preferably in such a IZ Tru c T G** 6 ** 1 * "° t0 170 Qm )- protective 

manner that the amorpho'us silicon film SSSSSSj „ X'S^SSS? £ ol^t ^ fr ° m 

at 400 to 550° C. for several hours, though it depends on the S .^ff ex ?° sed . t0 ">e plasma when an impurity is 

hydrogen quantity contained, to pe'rfornf a iSgSgZ ^ control ^ * ^ " effeCt 3 SUb " e C0D ^ 

silicon film may alternatively be formed by thTSe of m I ^ i hr °. U8h the pf0tec,ive film 104 - an im P^ 

another method such as the sputtering method or the evapo- £ ^ W «>^tivity (hereinafter 

ration method, in which case it is desirable to sufficiently P ? e Mpunty eIement ) was added - «« 

reduce the impurity elements such Toxygen and dZen 522? .Tr* AeK be ^«^'y. «l» 

contained in the film. S mtrofeen elements belonging to the group XIII of the periodic table- 
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without being mass-separated. Of course, the ion implanta- called the step of activating the impurity element which 

tion method in which mass separation is effected may also gives the n-type conductivity or the p-type conductivity, the 

be used ste P °^ recrystallizing the semiconductor film or the step of 

By this step, an impurity region 106 which contained carrying out these two steps at the same time. This effect can 

p-type impurity (boron, in this Embodiment) at a concen- 5 also be obtained by optimizing the condition of lamp anneal- 

tration oflxlO 15 to IxlO* 8 atoms/cm 3 (generally, 5x1 0 16 to ing .In this specification, the optical annealing earned out 

5xl0 17 atoms/cm 2 ) was formed. In this specification, those under such a condition will be referred to as a second optical 

impurity regions which each contain a p-type impurity annealing. 

element at least within the above-mentioned concentration By this step, the junction portions to the intrinsic regions 

range will be defined as p-type impurity regions (b). (FIG. i° (The p-type impurity regions (b) are also regarded substan- 

tially as intrinsic) which exist in the boundary portions of the 

Next the resist mask 105 was removed, and resist masks n-type impurity regions (b) 111 to 113, that is, around the 

107 to HO were newly formed. Then an impurity element n-type impurity regions (b). This fact means that, at the point 

which gives the n-type conductivity (hereinafter referred to of time when the TFTs are completed later, the LDD regions 

as n-type impurity element) was added to thereby form 15 and the channel forming region form very good junction 

impurity regions 111 to 113 which exhibited the n-type portions. 

conductivity. As the n-type impurity element, there can be In case of activating the impurity element by this laser 

used, generally, the elements belonging to the group XV of beam, the activation by heat treatment may be jointly used, 

the periodic table; and typically, phosphorus or arsenic. In case of performing activation by heat treatment, the heat 

(FIG. ID) 20 treatment is to be performed at about 450 to 550° C. by 

These low concentration impurity regions 111 to 113 arc taking the heat resistance of the substrate into consideration, 

the impurity regions which are made to function later as Next, the unnecessary portions of the crystalline silicon 

LDD regions in the n-channel type TFTs of a CMOS circuit film were removed to form island-shaped semiconductor 

and a sampling circuit. In the impurity regions formed here, n films (hereinafter referred to as active layers) 114 to 117. 

an n-type impurity element is contained at a concentration of " (FIG. IF) 

2xl0 16 to 5x1 0 19 atoms/cm 3 (generally, 5xl0 17 to 5xl0 is Next, a gate insulating film 118 was formed covering the 

atoms/cm 3 ). In this specification, those impurity regions active layers 114 to 117. The gate insulating film 118 is to be 

which each contain an n-type impurity element within the formed to a thickness of 10 to 200 nm, preferably 50 to 150 

above-mentioned concentration range will be defined as nm. In this Embodiment, a silicon oxinitride film was 

n-type impurity regions (b). formed to a thickness of 115 nm by the plasma CVD 

Here, phosphorus was added at a concentration of IxlO 18 method, using N 2 0 and SiH 4 as material. (FIG. 2A) 

atoms/cm 3 by the use of the ion doping method according to Next, a conductive film which was to constitute a gate 

which phosphine (PH 3 ) was plasma-excited without being wiring was formed. The gate wiring may be formed of a 

mass-separated. Of course, the ion implantation method 35 single-layer conductive film, but it is preferable to form the 

according to which mass separation is effected may also be conductive film as a stacked layer film comprising two 

used. At this step, phosphorus was added to the crystalline layers or three layers as required. In this Embodiment, a 

silicon film through the protective film 107. stacked layer film comprising a first conductive film 119 and 

Next, the protective film 104 was removed, and a laser a second conductive film 120 was formed. (FIG. 2B) 

beam irradiation step was again carried out. Here, again, as 40 Here, as the first conductive film 119 and the second 

the laser beam, the beam of a pulse oscillation type or conductive film 120, there can be used a conductive film 

continuous oscillation type excimer laser should desirably composed of an element selected from among tantalum (Ta), 

be used, but the beam of a continuous oscillation type argon titanium (Ti), molybdenum (Mo), tungsten (W), chromium 

laser may also be used. Further, it does not matter whether (Cr), and silicon (Si) or composed mainly of the above- 

thc shape of the laser beam is linear or rectangular. However, 45 mentioned element (generally, a tantalum nitride film, a 

the aim of this step is to activate the impurity element added, tungsten nitride film, or a titanium nitride film), or an alloy 

so that it is desirable to irradiate with an energy of such a film comprising a combination of the elements mentioned 

degree that the crystalline silicon film is not molten. Further, above (generally, an Mo— W alloy, or an Mo— Ta alloy), 

it is also possible to carry out the laser annealing step with The first conductive film 119 is set to a thickness of 10 to 

the protective film 104 left as it is. (FIG. IE) 50 50 nm (preferably, 20 to 30 nm), and the second conductive 

In this Embodiment, the laser annealing step was carried film 120 is formed to a thickness of 200 to 400 nm 

out by treating the beam of a pulse oscillation type excimer (preferably, 250 to 350 nm). In this Embodiment, as the first 

laser into a linear beam. The laser annealing condition was conductive film 119, a tungsten nitride film (WN) having a 

set in such a manner that, as the exciting gas, a KrF gas was thickness of 50'nm was used, and, as the second conductive 

used, the treating temperature was set to room temperature, 55 film 1 20 > a tungsten film having a thickness of 350 nm was 

the pulse oscillation frequency was set to 30 Hz, and the used. 

laser energy density was set to 100 to 300 mJ/cm 2 (generally, Though not shown, it is effective to form a silicon film to 

150 to 250 mJ/cm 2 ). a thickness of bout 2 to 20 nm on or beneath the first 

The optical annealing step carried out under the above- conductive film 119. By so doing, the adhesion of the 

mentioned condition has the effect that the added impurity 60 conductive film formed on the thus formed silicon film can 

element which gives the n or p-type conductivity is be enhanced, and its oxidation can be prevented, 

activated, and at the same time, the semiconductor film Next, the first conductive film 119 and the second con- 

which was made amorphous when the impurity element was ductive film 120 were etched at the same time to form gate 

added is recrystallizcd. Further, the above-mentioned con- wirings 121 to 124 having a thickness of 400 nm. In this 

dition is desirably determined so as to align the atomic 65 ■ case, the gate wirings 122 and 123 of the n-channel type 

arrangement without melting the semiconductor film and TFls in driving circuits were formed so as to overlap 

activate the impurity element. Further, this step can be also portions of the n-typc impurity regions (b) 111 to 113 
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through the gate insulating film. These overlapped portions mentioned concentration range will be defined as n-type 

will constitute Lov regions later. The gate wiring 124 is impurity regions (a). Further, in the regions- in which irapu- 

shown, in the cross sectional view, as if there were two gate rity regions 139 to 147 are formed, phosphorus or boron 

wirings 124, but is actually formed of one continuously which was added at the preceding step is contained, but, this 
connected pattern. (FIG. 2C) 5 time, phosphorus is added at a sufficiently high 

Next, an n-type impurity element (phosphorus, in this concentration, so that the influence by the phosphorus or 

Embodiment) was added in a self-alignment manner by the boron added at the preceding step can safely be ignored, 

use of the gate wirings 121 to 124 as a mask. Adjustment Accordingly, in this specification, the impurity regions 139 

was made so that, to the thus formed impurity regions 125 to 147 may be differently referred to as n-type impurity 
to 130, phosphorus could be added at a concentration ¥> to 10 regions (a). 

Mo (generally, Vi to Va) times as high as the concentration of Next, the resist masks 135 to 138 were removed, and a 

the n-type impurity regions (b) (however, at a concentration resist mask 148 was newly formed. Then a p-type impurity 

5 to 10 times as high as the concentration of boron added at clement (boron, in this Embodiment) was added to form 

the foregoing channel doping step; generally, lxlO 16 to impurity regions 149 and 150 which each contained boron at 
5xl0 ls atoms/cm 3 and, typically, 3x1. 0 17 to 3xl0 18 atoms/ is a high concentration. Here, by the ion doping method using 

cm 3 ). In this specification, those impurity regions which diborane (B 2 B 6 ) (of course, the ion implantation method 

each contain an n-type impurity element within the above- may also be adopted), boron was added at a concentration of 

mentioned concentration range will be defined as n-type 3xl0 2 ° to 3xl0 21 atoms/cm 3 (generally, 5xl0 20 to lxlO 21 

impurity regions (c). (FIG. 2D) atoms/cm 3 ). Further, in this Embodiment, those p-type 

At this step, phosphorus is also added to all the n-type 20 impurity regions which each contain a p-type impurity 

impurity regions (b) excluding the portions hidden by the element within the above-mentioned concentration range 

gate wirings, at a concentration of lxlO 16 to 5xlO JS atoms/ will be defined as p-typc impurity regions (a). (FIG. 3A) 

cm 3 , but this concentration is very low, so that it does not To portions (the above-mentioned n-type impurity regions 

exert influence on the function of the n-type impurity ^ ( a ) 139 and 140) of the impurity regions 149 and 150, 
regions (b). Further, to the n-type impurity regions (b) 127 25 phosphorus was already added at a concentration of lxlO 20 

to 130, boron was already added at a concentration lxlO 15 to lxlO 21 atoms/cm 3 , but, the boron added here was added 

to 1x10' 8 atoms/cm 3 at the channel doping step, but, at this at a concentration three times or more as high as the 

step, phosphorus is added at a concentration of 5 to 10 times phosphorus concentration. Due to this, the n-type impurity 

as high as that of boron contained in the p-type impurity regions which had previously been formed were perfectly 
regions (b), so that, in this case, also, it can safely be 30 inverted to the p-type conductivity and thus came to function 

considered that the boron exerts no influence on the function as p-type impurity regions. Accordingly in this specification, 

of the n-type impurity regions (b). the impurity regions 149 and 150 may be referred to 

Strictly speaking, however, the phosphorus concentration differently as p-type impurity regions (a), 

in those portions of the n-type impurity regions (b) 111 to Next, after the removal of the resist mask 148, a first 

113 which overlap the gate wirings remains 2xl0 lb to interlayer dielectric film 151 was formed. The first interlayer 

5xl0 19 atoms/cm 3 , whereas, to those portions which do not dielectric film 151 is to be formed of an insulation film 

overlap the gate wirings, phosphorus is added at a concen- containing silicon, more specifically, a silicon nitride film, a 

tration of lxlO 16 to 5xl0* 8 atoms/cm 3 ; and thus, these silicon oxide film or a silicon oxinitride film, or a stacked 

portions turn out to contain phosphorus at a somewhat layer film comprising a combination of them. Further, the 

higher concentration . thickness of the first interlayer dielectric film 151 is to be seL 

Next, by the use of the gate wirings 121 to 124 as a mask, to 100 to 400 nm. In this Embodiment, by the plasma CVD 

the gate insulating film 118 was etched in a self- alignment method using SiH,,, N 2 0 and NH 3 as material gases, a 

manner. For this etching, the dry etching method was silicon oxinitride film (in which the nitride concentration 

employed, and, as the etching gas, a CHF3 gas was used, 45 was 25 to 50 atomic %) was formed to a thickness of 200 

However, the etching gas need not necessarily be limited to nm. 

' this gas. In this way, gate insulating films 131 to 134 were After this, heat treatment was carried out in order to 

formed underneath the gate wirings. (FIG. 2E) activate the n-lype and p-type impurity element which were 

By exposing the active layers as mentioned above, the added at the respective concentrations. This step can be 

accelerating voltage can be lowered when the step of adding so carried out by the use of the furnace annealing method, the 

an impurity element is carried out next. Due to this, the laser annealing method or the rapid thermal annealing 

necessary dose can be relatively small, so that the through- method (RTA method). In this Embodiment, the activating 

put is enhanced. Of course, the impurity regions may also be step was carried out by the furnace annealing method. The 

formed by through-doping, leaving the gate insulating film heat treatment was carried out in a nitrogen atmosphere at 

without etching it. S5 300 to 650° C, preferably 400 to 550° C. (550° C. in this 

Next, resist masks 135 to 138 were formed in a state Embodiment), for four hours. (FIG. 3B) 

covering the gate wirings, and an n-type impurity In this case, the catalytic element (nickel, in this 

(phosphorus, in this Embodiment) was added to form impu- Embodiment) which had been used for crystallization of the 

rity regions 139 to 147 containing phosphorus at a high amorphous silicon film in this Embodiment moved in the 

1 concentration. Here, also, the ion doping method using so directions indicated by arrows and was gettered into the 

phosphine (PH 3 ) was adopted (Of course, the ion implan- regions which were formed containing phosphorus at a high 

tation method may also be used); and the concentration of concentration at the foregoing step shown in FIG. 2F. This 

phosphorus in these regions was set to lxlO 20 to lxlO 21 is the phenomenon caused due to the metal element gettering 

atoms/cm 3 , (generally, ZxlO 70 to 5xl0 21 atoms/cm 3 ). (FIG. effect of phosphorus, By so doing of which the concentration 

2*9 65 of the catalytic element in channel forming regions 152 to 

In this specification, those impurity regions which each 156 formed later turned out to be lxlO 17 atoms/cm 3 or 

contain an n-type impurity element within the above- below (preferably, lx 10 16 atoms/cm 3 or below). 
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Conversely, in the regions which became the catalytic 
element gcttcring sites (the regions in which the impurity 
regions 139 to 147 were formed at the step shown in FIG. 
2F), the catalytic element was segregated at a high 
concentration, coming to exist there at a concentration of 5 
5xl0 18 atoms/cm 3 or more (generally; lxlO 19 to 5xl0 20 
atoms/cm 3 ). 

Further, heat treatment was carried out in an atmosphere 
containing 3 to 100% of hydrogen at 300 to 450° C. for 1 to 
12 hours, thus performing a step for hydrogenating the 10 
active layers. This step is a step for terminating the dangling 
bonds in the semiconductor layer by the thermally excited 
hydrogen. As another means for hydrogenation, plasma 
hydrogenation (wherein the hydrogen excited by plasma is 
used) may alternatively be performed. 15 

After the activating step was over, a second interlayer 
dielectric film 157 was formed to a thickness of 500 nm to 
1.5 fan on the first interlayer dielectric film 151. In this 
Embodiment, as the second interlayer dielectric film 157, a 
silicon oxide film with a thickness of 800 nm was formed by 20 
the plasma CVD method. In this way, an interlayer dielectric 
film with a thickness of 1 fim was formed comprising a 
stacked layer film which consisted of the first interlayer 
dielectric film (a silicon oxinitride film) 151 and the second 
interlayer dielectric film (a silicon oxide film) 157. 25 

As the second interlayer dielectric film 157, it is also 
possible to use an organic resin film composed of a material 
such as polyimide, acrylic, polyamide, polyimideamide or 
BCB (benzocyclobutene). 30 

After this, a contact hole was formed reaching the source 
region or the drain region of each TFT, and source wirings 
158 to 161 and drain wirings 162 to 165 were formed. In 
order to form a CMOS circuit (not shown), the drain wirings 
162 and 163 are connected together to constitute one and 35 
same wiring. Further, though not shown, in this 
Embodiment, this electrode was formed as a stacked layer 
film comprising a three layer structure formed in such a 
manner that a Ti film with a thickness of 100 nm, a 
Ti-contairiing aluminum film with a thickness of 300 nm, ^ 
and a Ti film with a thickness of 150 nm were continuously 
formed. As the source wirings and the drain wirings, stacked 
layer films each comprising a copper film and a titanium 
nitride film may also be used. 

Next, as a passivation film 166, a silicon nitride film, a 45 
silicon oxide film or a silicon oxinitride film was formed to 
a thickness of 50 to 500 nm (generally, 200 to 300 nm). In 
this case, in this Embodiment, before the formation of the 
film, plasma treatment was carried out using a hydrogen 
containing gas containing H 2 or NH 3 , and, after the forma- 50 
tion of the film, heat treatment was carried out. The hydro- 
gen excited by this pretreatment was fed into the first and 
second interlayer dielectric films. By performing heat treat- 
ment in this state, the film quality of the passivation film 166 
was improved, and at the same time, the hydrogen added 55 
into the first and second interlayer dielectric films was 
diffused towards the lower layer side, so that the active 
layers could be effectively hydrogen a ted. 

After the formation of the passivation film 166, a further 
hydrogenating step may be carried out. For example, in an 60 
atmosphere containing 3 to 100% of hydrogen, heat treat- 
ment is to be carried out at 300 to 450° C. for 1 to 12 hour(s), 
or, in case the plasma hydrogenation method was employed, 
the same effect could also he obtained. Further, an opening 
may also be formed in the passivation film 166 at the 65 
position at which a contact hole for connecting the pixel 
electrode and the drain electrode is formed later. 
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Thereafter, a third interlayer dielectric film 167 compris- 
ing an organic resin was formed to a thickness of about 1 
/mi. As the organic resin, polyamide, acrylic, polyamide, 
polyimideamide or BCB (benzocyclobutene) can be used. 
As the merits brought about by the use of an organic resin, 
there can be enumerated the point that the deposition method 
is simple, the point that its relative dielectric constant is low, 
so that the parasitic capacitance can be reduced, and the 
point that excellent flatness can be obtained. Further, an 
organic resin film or a organic SiO compound other than the 
above-mentioned ones can also be used. In this 
Embodiment, a polyimide of the type which is subjected to 
thermal polymerization after applied to the substrate, was 
used and sintered at 300° C. to form the third interlayer 
dielectric film 167. 

Next, in the region which was to constitute the pixel 
portion, a screening film 168 was formed on the third 
interlayer dielectric film 167. In this specification, the 
expression, screening film, is used as meaning a film for 
screening light and electromagnetic waves. 

The screening film 168 was formed of a film composed of 
an element selected from among aluminum (Al), titanium 
(Ti) and tantalum (Ta) or a film composed mainly of one of 
the elements; the film was formed to a thickness of 100 to 
300 nm. In this Embodiment, an aluminum film in which 1 
wt % of titanium was incorporated, was formed to a thick- 
ness of 125 nm. 

Further, in case a silicon-containing insulation film rep- 
resented by an silicon oxide film was formed to a thickness 
of 5 to 50 nm on the third interlayer dielectric film 167, the 
adhesion of the screening film formed thereon could be 
enhanced. Further, in case plasma treatment using a CF 4 gas 
was applied to the surface of the third interlayer dielectric 
film 167 formed of an organic resin film, the adhesion of the 
screening film formed on this film could be enhanced 
through surface modification. 

Further, by the use of this aluminum film in which 
titanium is incorporated, not only the screening film but also 
other interconnecting wirings can be formed. For example, 
the interconnecting wirings which connect circuits to each 
other in the driving circuits. However, in this case, before 
forming into a film the material to form the screening film 
or the interconnecting wirings, a contact hole must previ- 
ously be formed in the third interlayer dielectric film. 

Next, on the surface of the screening film 168, an oxide 
film 169 was formed to a thickness of 20 to 100 nm 
(preferably, 30 to 50 nm) by the anodic oxidation method or 
the plasma oxidation method (In this Embodiment the 
anodic oxidation method was employed). In this 
Embodiment, as the screening film 168, a film composed 
mainly of aluminum was used, so that, as the anodic oxide 
169, an aluminum oxide film (alumina film) was formed. 

For this anodic oxidation treatment, first an ethylene 
glycol tartrate solution with a sufficiently low alkali ion 
concentration was prepared. This was a solution made by 
mixing 15% of an aqueous solution of ammonium tartrate 
and ethylene glycol at a ratio of 2:8, and, to this solution, 
ammonia water was added and adjusted so that the pH could 
become 7±0.5. Then, in this solution, a platinum electrode 
which was to constitute a cathode was provided, the sub- 
strate on which the screening film 168 was formed was 
immersed into the solution, and, using the screening film 
168 as an anode, a DC current of a constant magnitude 
(several mA to several tens of mA) was applied. 

The voltage between the cathode and the anode in the 
solution varies with time in accordance with the growth of 
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the anodic oxide, but the voltage was raised at a voltage 
raising rate of 100 V/min with the current kept constant, and, 
when the rising voltage reached 45 V, the anodic oxidation 
treatment was terminated. In this way, an anodic oxide 169 
with a thickness of about 50 nm could be formed on the 
surface of the screening film 168. Further, By so doing, the 
thickness of the screening film 168 became 90 nm. The 
values pertaining to the anodic oxidation method shown here 
were given merely by way of example, but the optimum 
values can naturally change depending on the size of the 
device fabricated, etc. 

Further, here, there is employed the structure constituted 
in such a manner that, by the use of the anodic oxidation 
method, an insulation film was provided only on the surface 
of the screening film, but the insulation film may also be 
formed by a vapor phase growth method such as the plasma 
CVD method, the thermal CVD method or the sputtering 
method. In such a case, the film thickness is preferably set 
to 20 to 100 nm (more preferably, 30 to 50 nm). Further, a 
silicon oxide film, a silicon nitride film, a silicon oxinitride 
film, a DLC (Diamond-Like Carbon) film or an organic resin 
film may also be used. Further, a stacked layer film com- 
prising a combination of these may also be used. 

Next, in the third intcrlayer dielectric film 167 and the 
passivation film 166, a contact hole was formed reaching the 
drain wiring 165 was formed, and a pixel electrode 170 was 
formed. Pixel electrodes 171 and 172 were the pixel elec- 
trodes for the other adjacent pixels. As the pixel electrodes 
170 to 172, transparent conductive electrodes are used in 
case of a transmission type liquid crystal display device, and 
metal films are used in case of a reflection type liquid crystal 
display device. Here, in order to constitute a transmission 
type liquid crystal display device, the pixel electrodes were 
formed by forming a compound of indium oxide and tin 
oxide (called ITO) into layers with a thickness of 110 nm by 
the sputtering method. 

Further, the pixel electrode 170 and the screening film 168 
overlap each other through the anodic oxide 169 to form a 
capacitance storage 173. In this case, it is desirable to set the 
screening film 168 into a floating state (an electrically 
isolated state) or a fixed potential, preferably a common 
potential (an intermediate potential of the image signal sent 
over as data). 

In this way, an active matrix substrate which had driving 
circuits and a pixel portion on one and the same substrate 
was completed. As shown in FIG. 3C, a p-channel type TFT 
301 and n-channel type TFTs 302 and 303 were formed in 
the driving circuits, and a pixel TFT 304 comprising an 
n-channel type TFT was formed in the pixel portion. 

In the p-channel type TFT 301 of the driving circuit, a 
channel forming region 201, a source region 202 and a drain 
region 203 were respectively formed by the p-type impurity 
regions (a). In actually, however, a region containing phos- 
phorus at a concentration of lxlO 20 to lxlO 21 atoms/cm 3 
exists in a portion of the source region or the drain region. 
Further, in this region, the catalytic element gettered at the 
step shown in FIG. 3B exists at a concentration of 5xlO as 
atoms/cm 3 or more (generally, lxlO 19 atoms/cm 3 to 5xl0 2 ° 
atoms/cm 3 ). 

Further, in the n-channel type TFT 302, a channel forming 
region 204, a source region 205, a drain region 206 and, at 
one side (the drain region side) of the channel forming 
region, an LDD region (in this specification, such a region 
will be called Lov, wherein ov is suffixed as having the 
meaning of overlap) 207 overlapping the gate wiring 
through the gate insulating film was formed. In this case, the 
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Lov region 207 was formed so as to contain phosphorus at 
a concentration of 2xl0 1(S to 5xl0 J9 atoms/cm 3 and wholly 
overlap the gate wiring. 

Further, in case of FIG. 3C, the Lov region was disposed 
5 only at one side (only at the drain region side) of the channel 
forming region 204 in order to reduce the resistance com- 
ponent as much as possible, Lov regions may also be 
disposed at both sides of the channel forming region 204, 
Further, in the n-channel type TFT 303, a channel forming 
10 region 208, a source region 209 and a drain region 210 were 
formed, and further, LDD regions 211 and 212 were formed 
at both sides of the channel forming region. In case of this 
structure, portions of the LDD regions 211 and 212 were 
disposed so as to overlap the gate wiring, so that the regions 
(Lov) regions) overlapping the gate wirinjg through the gate 
insulating film and the regions which did not overlap the 
gate wiring (in this specification, such regions will be 
referred to as Loff regions, wherein off is added as a sufSx 
meaning offset) were formed. 

Here, the sectional view shown in FIG, 5 is an enlarged 
20 view showing the state in which the n-channel type TFT 303 
shown in FIG. 3C was fabricated as far as the step shown in 
FIG. 3B. As shown here, the LDD region 211 can be further 
divided into an Lov region 2Ua and an Loff region 2116. 
Further, in the Lov region 211#, phosphorus is contained at 
25 a concentration of 2xl0 16 to 5xl0 lp atoms/cm 3 , while, in the 
Loff region 2116, phosphorus is contained at a concentration 
1 to 2 times as high (generally, 1.2 to 1.5 times as high) as 
the phosphorus concentration of the Lov region 211a. 
Further, in the pixel TFT 304, there were formed channel 
30 forming regions 213 and 214, a source region 215, a drain 
region 216, Loff regions 217 to 220 and an n-type impurity 
region (a) 221 adjacent to the Loff regions 218 and 219. In 
this case, the source region 215 and the drain region 216 
were respectively formed of n-type impurity regions (a), and 
35 the Loff regions 117 to 220 were formed of n-type impurity 
regions (c). 

In this Embodiment, the structures of the TFTs forming 
the respective circuits could be optimized in accordance 
with the circuit specifications required by the pixel portion 
40 and the driving circuits, and the operability and reliability of 
the semiconductor device could be enhanced. More 
specifically, the n-channel type TFT was constituted in such 
a manner that, in accordance with the circuit specifications, 
the LDD regions were positionally made to differ, and the 
45 Lov regions or the Loff regions were properly used 
respectively, whereby a TFT structure made by attaching 
importance to high-speed operation and to the measure for 
coping with the hot carriers and a TFT structure made by 
attaching importance to low OFF-current operation, were 
50 realized. 

For example, in case of an active matrix type liquid 
crystal display device, the n-channel type TFT 302 is suited 
to a driving circuit such as a shift register, a frequency 
dividing circuit, a signal splitting circuit, a level shifter or a 
55 buffer wherein importance is attached to high-speed opera- 
tion. Namely, in the n-channel type TFT 302, an Lov region 
is disposed only at one side (the drain region side) of the 
channel forming region, whereby the n-channel type TFT 
302 is brought into a structure in which importance is 
60 attached to the measure for coping with the hot carriers, 
reducing the resistance component at the same time. This is 
because, in case of the group of circuits mentioned above, 
the function of the source region does not differ from that of 
the drain region, and the direction in which the carriers 
65 (electrons) move is fixed. However, it is possible to dispose 
Lov regions at both sides of the channel forming region as 
required. 
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Further, the n-channel type TFT 303 is suited to a sam- Next, after the formation of the alignment film, a rubbing 
pling circuit (also called a transfer gate) wherein importance treatment was conducted so that the liquid crystal molecules 
is attached to both the measure to cope with the hot carriers might be oriented wiLh a fixed pre-lilt angle. Then the active 
and low OFF-current operation. Namely, by disposing Lov matrix substrate on which the pixel portion and the driving 
regions, a measure to cope with the hot carriers is taken, and, 5 circuits were formed and the opposite substrate were bonded 
by disposing tjoff regions, a low OFF-current operation was together through a sealing material and a spacer (Neither of 
realized. Further, in case of a sampling circuit, the function them is shown) by a known cell compiling step. Thereafter, 
of the source region and the drain region is inverted to a liquid crystal 405 was injected between the two substrates 
change the moving direction of the carriers by 180°, so that and perfectly sealed by a sealing material (not shown). As 
such a structure as to become line-symmetrical with respect 10 the liquid crystal, a known liquid crystal material may be 
to the gate wiring must be employed. In some cases, it is also used. In this way, the active matrix type liquid crystal 
feasible that only the Lov regions are provided. display device shown in FIG. 4 was completed. 

Further, the n-channcl type TFT 304 is suited to a pixel Next, the constitution of this active matrix type liquid 
portion or a sampling circuit (a sample and hold circuit) crystal display device will be described referring to the 
wherein importance is attached to low OFF-current opera- is perspective view shown in FIG. 6. In FIG. 6, the reference 
tion. Namely, a Lov region which can become a cause for numerals common to those used in FIGS. 1 to*3 are used for 
increasing the OFF-current value is not provided, but only associating FIG. 6 with the structural sectional views shown 
Loff regions are provided, whereby a low OFF-current in FIGS. 1 to 3. The active matrix substrate is formed of a 
operation is realized. Further, by using, as the Loff regions, pixel portion 601, a scanning (gate) signal driving circuit 
LDD regions having a concentration lower than that of the 20 602, a picture (source) signal driving circuit 603 which are 
LDD regions in the driving circuits, there is taken the formed on the glass substrate 101. The pixel TFT 304 in the 
measure to ensure that, even if the ON-current value some- pixel portion is an n-channcl type TFT, and the driving 
what falls, the OFF-current value is thoroughly reduced. circuits provided therearound are formed on the basis of a 
Further, it is confirmed that the n-type impurity region (a) CMOS circuit. The scanning signal driving circuit 602 and 
221 is very effective in reducing the OFF-current value. 25 the image signal driving circuit 603 are connected to the 
Further, with respect to the channel length of 3 to 7 /mi, pixel portion 601 through the gate wiring 124 and the source 
the length (width) of the Lov region 207 in the n-channel wiring 161, respectively. Further, a terminal 605 to which an 
type TFT 302 is set to 0.5 to 3.0 jwm, generally 1 ,0 to 1 .5 /an. FPC & connected and the driving circuits are connected 
Further, the length (width) of the Lov regions 211a and 212a by interconnection wirings 606 and 607. 
in the n-channel type TFT 303 is set to 0.5 to 3.0, //m, 30 

generally 1.0 to 1.5, pirn, and the length (width) of the Loff Embodiment 3 

regions 2116, 2126 is set to 1.0 to 3.5 /mi, generally 1.5 to FIG. 7 shows an example of the circuit arrangement of the 
2.0 jum. Further, the length (width) of the Loff regions 217 active matrix substrate set forth through Embodiment 2. The 
to 220 provided in the pixel TFT 304 is set to 0.5 to 3.5 ,wm, active matrix substrate according to this Embodiment 
generally 2.0 to 2.5, pm. 35 includes an image signal driving circuit 701, a scanning 

Further, the p-channel type TFT 301 is formed in a signal driving circuit (A) 707, a scanning signal driving 
self-alignment manner, while the n-channel type TFTs 302 circuit (B) 711, a precharging circuit 712 and a pixel portion 
to 304 are formed in a non-self-alignment manner; this point 706. In this specification, the driving circuit portion is the 
is also a feature of the present invention. 4Q generic name given to the circuit portion including the 

Further, in this Embodiment, as the dielectric of the ""^S 6 si S na \ driving circuit 701 and the scanning signal 
capacitance storage, an alumina film having a high relative driving circuit 707. 

dielectric constant of 7 to 9 was used, whereby the area for T RC image signal driving circuit 701 comprises a shift 
forming the required capacitance could be reduced. Further, register 702, a level shifter 703, a buffer 704, and a sampling 
by using as one electrode of the capacitance storage the 45 circuit 705. Further, the scanning signal driving circuit (A) 
screening film formed on the pixel TFT as in case of this 707 comprises a shift register 708, a level shifter 709, and a 
Embodiment, the aperture ratio of the image display portion buffer 710. The scanning signal driving circuit B if of the 
of the active matrix type liquid crystal display device could sar ^e constitution. 

be enhanced. Here, the driving voltage of the shift registers 702, 708 is 

Further, the invention need not be limited to the structure 50 5 to 16 V (generally, 10 V), and, as the n-channel type TFT 
of the capacitance storage set forth in this Embodiment. For used in the CMOS circuit forming each of the circuits, the 
example, it is also possible to use the capacitance storage structure shown by 302 in FIG. 3C is suited, 
structure disclosed in Japanese Patent Laid-Open No. Further, as each of the level shifters 703 and 709 and the 

316567/1997 or Japanese Patent Laid-Opcn No. 254097/ buffers 704 and 710, a CMOS circuit including the 
1998 filed by the present applicant. 55 n-channel type TFT 302 shown in FIG. 3C is suited, though 

Embodiment 2 thC drivin S volta S e becomes so high as 14 to 16 V. As for the 

gate wirings, it is effective to render them into a multi-gate 
This Embodiment will be described concerning the steps structure such as a double gate structure or a triple gate 
of fabricating an active matrix type liquid crystal display structure, in view of enhancing the reliability of the respec- 
device (torn the active matrix substrate. As shown in FIG. 4, 60 tive circuits. 

an alignment film 401 was formed on the substrate in the Further, in case of the sampling circuit 705, the driving 
state shown in FIG, 3C. In this Embodiment, as the align- voltage thereof is 14 to 16 V, but the source region and the 
ment film, a poiyimide film was used. Further, on an drain region are inverted, and in addition, it is necessary to 
opposite substrate 402, an opposite electrode 403 compris- reduce the OFF-current value, so that, as the sampling 
ing a transparent-conductive film and an alignment film 404 65 circuit 705, a CMOS circuit including the n-channel type 
were formed. Further, on the opposite substrate, a color filter TFT 303 shown in FIG. 3C is suited. In FIG. 3C, only 
and a screening film may be formed as required. n-channcl type TFTs arc shown, but, in case the sampling 
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circuit is actually formed, an n-channel and p-channel type 
TFTs arc combined to form the sampling circuit. 

Further, in case of the pixel portion 706, its driving 
voltage is 14 to 16 V, and its OFF-currcnt value is required 
to be further lower than that of the sampling circuit 705, so 
that the pixel portion is desirably rendered into a structure in 
which no Lov region is disposed; and thus, the n-channel 
type TFT 304 shown in FIG. 3C is desirably used as the pixel 
TFT. 

The constitution of this Embodiment can be easily real- 
ized by fabricating TFTs in accordance with the fabrication 
steps shown in Embodiment 1. Further, although, in this 
Embodiment, the constitution of only the pixel portion and 
the driving circuit portion is shown, but, in accordance with 
the fabrication steps of Embodiment 1, it is also possible to 
form, beside the above, a signal splitting circuit, a frequency 
dividing circuit, a D/A converter circuit, an operational 
amplifier circuit, a gamma-correction circuit, and in 
addition, signal processing circuits (which may also be 
referred to as logic circuits) such as a memory circuit and a 
microprocessor circuit, on one and the same substrate. 

As stated above, according to the present invention, a 
semiconductor device including a pixel portion and driving 
circuits for controlling the pixel portion, such -as, e.g., an 
electronic device comprising a driving circuit portion and a 
pixel portion on one and the same substrate can be realized. 

Embodiment 4 

This Embodiment will be described, by referring to FIG. 

8, with respect to a case where the TFTs arc fabricated in the 
order of fabrication steps which differs from that of Embodi- 
ment 1. This Embodiment differs from Embodiment 1 only 
in respect of intermediate steps but identical with Embodi- 
ment 1 in respect of the other steps, so that the same 
reference numerals will be used as far as the same steps are 
concerned. Further, concerning the impurity elements 
added, the same impurity elements as those of Embodiment 
1 will be used by way of example. 

First, the first step to the step of forming the protective 
film 104 are carried out in accordance with the steps of 
Embodiment 1. Then, on the protective film 104, resist 
masks 801 to 804 are formed, and an n-type impurity 
element is added under the same condition as in case of FIG. 
ID, Thus, n-type impurity regions (b) 805 to 807 are formed. 
(FIG. 8A) 

Next, the resist masks 801 to 804 are removed, and a resist 
mask 808 is newly formed. Then a channel doping step is 
carried out under the same condition as in case of FIG. 1C 
In this way, p-type impurity regions (b) 809 to 811 are 
formed. (FIG. 8B) 

After this, in accordance with the steps of Embodiment 1, 
the step shown in FIG. IE and the ensuing steps are carried 
out. This Embodiment which is constituted as described 
above can be practiced in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 

Embodiment 5 

This Embodiment will be described, by referring to FIG. 

9, with respect to a case where the TFTs are fabricated in a 
step order which differs from that of Embodiment 1. This 
Embodiment differs from Embodiment 1 only in respect of 
intermediate steps but identical with Embodiment 1 in 
respect of the other steps, so that the same reference numer- 
als will be used as far as the same steps are concerned. 
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Further, as for the impurity elements added, the same 
impurity elements as those used in Embodiment 1 will be 
used by way of example. 

First, the first step to the step shown in FIG. IB are carried 
out. The crystalline silicon film 103 thus formed is patterned 
to form active layers 901 to 904, on which a protective film 
905 comprising a silicon containing insulation film (a silicon 
oxide film, in this Embodiment) is formed to a thickness of 
120 to 150 nm. (FIG. 9A) 

In this Embodiment, the case where, after a laser anneal- 
ing step (a first optical annealing), the crystalline silicon film 
is patterned, is disclosed by way of example, but this step 
order can be reversed. 

Next, resist masks 906 to 909 are formed, and an n-type 
impurity element is added under the same condition as in 
case of FIG. ID: Thus, n-type impurity regions (b) 910 to 
912 are formed. (FIG, 9B) 

Next, the resist masks 906 to 909 arc removed, and a resist 
mask 913 is newly formed. Then a channel doping step is 
carried out under the same condition as in case of FIG. 1C. 
Thus, p-type impurity regions (b) 914 to 916 are formed. 
(FIG. 9C) 

Thereafter, the resist mask 913 is removed, and a laser 
annealing step (second optical annealing) is carried out 
under the same condition as in case of FIG. IE. By so doing, 
the added n-type or p-type impurity element is effectively 
activated. (FIG, 9D) 

After this, the step shown in FIG. 2A and the ensuing 
steps are carried out in accordance with the steps of Embodi- 
ment 1. This Embodiment which is constituted as described 
above can be practiced in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 an 3. 

Embodiment 6 

This Embodiment will be described, by referring to FIG. 
10, with respect to a case where TFTs are fabricated in a step 
order differing from that of Embodiment 1. This Embodi- 
ment differs only in respect of intermediate steps from 
Embodiment 1 but identical with Embodiment 1 in respect 
of the other steps, so that the same reference numerals will 
be used as far as the same steps are concerned. Further, as 
for the impurity elements added, the same impurity elements 
as those used in Embodiment 1 will be used by way of 
example. 

First, the first step to the step shown in FIG. IB are carried 
out in accordance with the steps of Embodiment 1, and then, 
in accordance with the steps of Embodiment 5, the state 
shown in FIG. 9A is obtained. In this Embodiment, the case 
where, after a laser annealing step (first optical annealing), 
the crystalline silicon film is patterned, is set forth by way 
of example, but this step order can be reversed. 

Then a resist mask 1001 is formed, and a channel doping 
step is carried out under the same condition as in case of 
FIG. 1C. Thus, p-type impurity regions (b) 1002 to 1004 are 
formed. (FIG. 10A) 

Next, the resist mask 1001 is removed, and resist masks 
1005 to 1008 are newly formed. Then an n-type impurity 
element is added under the same condition as in case of FIG. 
ID. Thus, n-type impurity regions (b) 1009 to 1011 are 
formed. (FIG. 10B) 

After this, a laser annealing step (second optical 
annealing) similar to that set forth in connection with 
Embodiment 5 and shown in FIG. 9D is carried, out to 
activate the added n-typc or p-type impurity element, and 
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thereafter, in accordance of the step order of Embodiment 1, intermediate steps but similar to the latter in respect of the 

Embodiments 2 and 3. {n accordance with the steps of Embodiment 1, the 

r k HWnt 7 state shown in FIG. 1A is obtained. Then, on the thus formed 

bmooa crystalline silicon film 102, a protective film 1201 is formed 

This Embodiment will be described by referring to FIG. 1Q to a thickness of 120 to 150 nm. Further, on this protective 

11 with respect to a case where the TFTs are fabricated in a film 1201, resist masks 1202 to 1205 are formed, and an 
step order which differs from that of Embodiment 1. Since n-type impurity element is added under the same condition 
this Embodiment differs from Embodiment 1 only in respect as in case of FIG. ID. Thus, n-type impurity regions (b) 
of intermediate steps from Embodiment 1 but identical with 1206 to 1208 are formed. (FIG. 12A) 

the latter in respect of the other steps, the same reference ]5 Next, the resist masks 1202 to 1205 and the protective 

numerals will be used as far as the same steps are concerned. film 1201 are removed, and a laser annealing step (first 

Further, as for the impurity elements added, the same optical annealing) is carried out under the same condition as 

impurity elements as those used in Embodiment 1 will be j n case of FIG. IB is carried out. By this step, the crystalline 

used by way of example. silicon film which has been hidden by the resist masks 1202 

First in accordance with the steps of Embodiment 1, the 20 to 1205 is improved in its crystallinity; in the p-type irnpu- 

state shown in FIG 1 Ais obtained. Then, on the thus formed rity regions (b) 1206 to 1208, the non-crystallized silicon 

crystalline silicon film 102, a protective film 1101 is formed film is recrystallized; and at the same time, the added n-type 

to a thickness of 120 to 150 nm. Further, on the protective impurity element is activated. (FIG. 12B) 

film 1101, a resist mask 1102 is formed, and a channel Next, a protective film 1211 is again formed to a thickness 

doping step is carried out under the same condition as in case ^ of 120 to 150 nm, and a resist mask 1212 is formed. A 

of FIG. 1C. Thus, a p-type impurity region (b) 1103 is channel doping step is then carried out under the same 

formed. (FIG. HA) condition as in case of FIG. 1C. Thus, p-type impurity 

Next the resist mask 1102 and the protective film 1101 regions (b) 1213 to 1215 are formed. (FIG. 12C) 

are removed, and a laser annealing step (first optical Next, the resist mask 1212 and the protective film 1211 

annealing) is carried out under the same condition as in case 30 are removed, and a laser annealing step (second optical 

of FIG IB By this step, the crystalline silicon film hidden annealing) is carried out under the same condition as in case 

by the resist mask 1102 is improved in its crystallinity, and, of FIG. IE, By so doing, the added n-type or p-type impurity 

in the p-type impurity region (b) 1103, the non-crystallized element is effectively activated. (FIG. 12D) 

silicon film is recrystallized, and at the same time, the added The step shown in FIG. 12B can also be carried out in a 

p-type impurity element is activated. (FIG. 11B) 35 state leaving the protective film 1201. In this case, the step 

Next, a protective film 1106 is again formed to a thickness of forming the protective film 1211 newly can be omitted, 

of 120 to 150 nm, and resist masks 1107 to 1110 are formed. but the laser beam is attenuated through the protective fikn, 

An n-type impurity element is then added under the same so that the laser energy density must be set to a somewhat 

conditions in case of FIG. ID. Thus, n-type impurity higher value. Further, the pro ective fita il201 eanbefirihcr 

regions (b) 1111 to 1113 are formed. (FIG. HQ *0 left even unnl the laser annealing step shown in FIG. 12D is 

^ K J . t _ A , ^^ t >„„ fiIin carried out. In this case, the laser energy density is also set 

Next, the resist masks 1107 to 1110 and the protective film protective film into consideration. 

1106 are removed, and a 1™ *»l"g t^ffiS Ee After this, in accordance with the steps of Embodiment 1, 

* carn * 0Ut I * d V* h £ Jor ? vl ^nurhv the step shown in FIG. IF and the ensuing steps are carried 

of FIG. IE. By so doing, he added _n^ype or p-type impurity ^ Embodiment which & consti described 

element is effectively activated. (FIG 11D) ^ ^ be ^ ^ of fabricating ^ active 

The step shown in FIG. 11B can also be carried out in a matrix liquid crystal display devices according to 

state leaving the protective film 1101. In this case, the step Emboditn e nts % an d 3. 
of newly forming the protective film 1106 can be omitted, 

but, since the laser beam is attenuated through the protective 5Q Embodiment 9 

film, so that it is necessary to set the laser energy density to ■ x n j s Embodiment will be described with respect to a case 

a somewhat higher value. The protective film 1101 can be where the TFTs are fabricated in a step order which differs 

further left even until the laser annealing step shown in FIG. ^ om ma t of Embodiment 1. Since this Embodiment is 

11D is carried out. In this case, the laser energy density is set basically identical with Embodiment 7, so that FIG. 11 will 

also by taking the protective film into consideration. J5 be re f e rred to in the description to follow. Further, as for the 

After this, the step shown in FIG. IF and the ensuing steps " impurity elements, the same impurity elements as those used 

are carried out in accordance with the steps of Embodiment in Embodiment 7 will be used by way of example. 

1. This Embodiment which is constituted as described above The feature of this Embodiment lies in the point that the 

can be practiced in case of fabricating the active matrix type i ascr annealing step (first optical annealing) referred to in the 

liquid crystal display devices according to Embodiments 2 60 description of Embodiment 7 and shown in FIG. HB is 

and 3. omitted, but the step is jointly fulfilled by the laser annealing 

step shown in FIG. 11D. In this case, the laser annealing step 

Embodiment 8 shown in FIG. 11D needs to be changed to the first optical 

This Embodiment will be described by referring to FIG. annealing, but, by this measure, the number of steps can be 

12 with reference to a case where the TFTs are fabricated in 65 reduced, 

a step order which differs from that of Embodiment 1. This After the state shown in FIG. 11D is obtained, the state 

Embodiment differs from Embodiment 1 only in respect of shown in FIG. IF and the ensuing steps arc carried out in 
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^Tr^^i^^^^ ?aisss.S5 -2 star: 

S -trix type &dd catalytic e.emen. for promoting the crystallization is sdec- 

crvstal display devices according to Embodiments 2 and 3. lively added. 

crystal display aevi * 5 ^ ^ ^ annealing gtep (first opUcal annea i m g) is 

Embodiment 10 carried out under the same condition as in case of FIG. IB. 

' By this step, the crystalline silicon film to which the impu- 

This Embodiment will be described with ^respect to a case > ^ ^ ^ [$ improved in its 

where the TFTs are fabricated m a step - °*^h di^ c ^ staUiDity , while, in the region to which the impurity 

from that of Embodiment 1. Since this Embodiment is ^ el ^ mem J s been added> the n0QK;rvstam2 ed si Ucon film is 

basically identical with Embodiment 8, description ^ uizedj and at the same time , the added n-type or 

thereof will be made referring to FIG. 12. Further as lor me J impurity element is activated. This step is desirably 

impurity elements added, the same impurity element as ^ ^ ^ fflm formed Qn ±& 

those used in Embodiment 8 are used by way of example. ^ ^ uinB siUcon film m2 by the crystallization step 

The feature of this Embodiment lies in the point that the JS shown in nQ 13D is removecL (piG. 13E) 

laser annealing step (first optical annealing) referred to in the ^ ^ ^ ghown . fl HG lp and &e ensuing steps 

description of Embodiment 8 and shown in MU l-its is ^ ^ ^ accordance with lhe ste ps of Embodiment 

omitted, but the step is jointly fulfilled by the laser annealing i ^ Embodiment which ^ constituted as described above 

step shown in FIG. 12D. In this case, the laser annealing step ^ ^ ticed in case of f abricat ing the active matrix type 

shown in FIG. 12D needs to be changed to the nrst optical 2() ^ device according to Embodiments 2 

annealing, but, by this measure, the number of steps can be ^ ^ 

reduced. 

After the state shown in FIG. 12D is obtained, the step Embodiment 12 

shown in FIG. IF and the ensuing steps arc carried out in ^ Embodiment w in be described, by referring to FIG. 

accordance with the steps of Embodiment 1. This Embodi- 2 5 14 witn reS pect to a case where the TFTs are fabricated in 

ment which is constituted as described above can be prac- a ^ ofder which differs f rom tnat 0 f Embodiment 1. Since 

ticed in case of fabricating the active matrix type liquid this Erabodiment d iff crs f rom Embodiment 1 only in respect 

crystal display deiccs according to Embodiments 2, 3. of intermediate steps but identical with the latter in respect 

of the other steps, the same reference numerals will be used 

Embodiment 11 30 as ^ &s ^ same gteps afe concernedt Furthe r, as for the 

This Embodiment will be described by referring to FIG. adde d impurity elements, the same impurity elements as 

13 with reference to a case where the TFTs are fabricated in those used in Embodiment 1 will be used by way of 

a step order which differs from that of Embodiment 1 . Since example. 

this Embodiment differs from Embodiment 1 only in respect First ^ me state shown in FIG. 13A is obtained in accor- 

of intermediate steps but identical with the latter in respect 35 dance the steps of Embodiment 11. Next, after a 

of the other steps, the same reference numerals will be used protective film 1401 which comprises an insulation film 

as long as the same steps are concerned. Further, as for the containing silicon is formed to a thickness of 120 to 150 nm, 

added impurity elements, the same impurity elements as fesist masks 1402 to 1405 are formed. An n-type impurity 

those used in Embodiment 1 will be used by way of element is then added under the same condition as in case of 

example. 40 FIG. ID. Thus, n-type impurity regions (b) 1406 to 1408 are 

First, in accordance with the steps of Embodiment 1, the formed. (FIG. 14A) 

ground' film 101 is formed on the substrate 100, and, on this j^ext, the resist masks 1402 to 1405 are removed, and a 

ground film 101, a semiconductor film containing an amor- ^sist mask 1409 is newly formed. Then, under the same 

phous component is formed. In this Embodiment, an amor- condition as in case of FIG. 1C, a channel doping step is 

phous silicon film 1301 is formed to a thickness of 30 nm by carried out. Thus, p-type impurity regions (b) 1410 to 1412 

the plasma CVD method. (FIG. 13A) are formed. (FIG. 14B) 

Next, after a protective film 1302 comprising an insula- N extj after the protective film 1401 is removed, the 

tion film containing silicon is formed to a thickness of 120 amorphous silicon film to which an n-type or p-type impu- 

to 150 nm, a resist mask 1303 is formed. Then a channel 5Q nty element has been added is crystallized in accordance 

doping step is carried out under the same condition as in case w i t h the technique disclosed in Japanese Patent Laid-Open 

of FIG! 1C Thus, a p-type impurity region (b) 1304 is y^o. 130652/1995, whereby a crystalline silicon film 1413 is 

formed. (FIG. 13B) obtained. (FIG. 14C) 

Next, the resist mask 1303 is removed, and resist masks i n case of effecting the crystallization by the use of the 

1306 to 1308 are newly formed. Then an n-type impurity s5 technique according to Embodiment 2 described in Japanese 

element is added under the same condition as that shown in Patent Laid-Open No. 130652/1995, it is possible to leave 

FIG. ID. Thus, n-type impurity regions (b) 1309 to 1311 are the protective film 1401 as it is. That is, it is possible to 

formed. (FIG.13C) utilize the protective film 1401 as a mask film when a 

Next, after the protective film 1302 is removed, the catalytic element for promoting the crystallization is selec- 

amorphous silicon film into which an n-type or a p-type 60 lively added. 

impurity element has been added, is crystallized in accor- Next, under the same condition as in case of FIG. IB, a 

dance with the technique disclosed in Japanese Patent Laid- laser annealing step (first optical annealing) is carried out. 

Open No. 130652/1995 to obtain a crystalline silicon film By this step, the crystalline silicon film to which the impu- 

1312. (FIG. 13D) rity element has not been added is improved in its 

In case of effecting the crystallization by the use of the 65 crystallinity, while, in the region to which the impurity 

technique according to Embodiment 2 disclosed in Japanese element has been added, the non-crystaUized silicon film is 

Patent Laid-Open No. 130652/1995, it is possible to leave rccrystallized, and at the same- time, the added n-typc or 
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p-type impurity element is activated. This step is preferably 
carried out after the thermal oxide film formed on the surface 
of the crystalline silicon film 1413 by the crystallization step 
shown in FIG. 14C is removed. (FIG. 14D) 

After this, the step shown in FIG. IF and the ensuing steps 
are carried out in accordance with the steps of Embodiment 
1 This Embodiment which is constituted as described above 
can be practiced in case of fabricating the active matrix type 
liquid crystal display devices according to Embodiments 2 
and 3. 

Embodiment 13 

This Embodiment will be described, by referring to FIG. 
15, with respect to a case where the TFTs are fabricated m 
a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 
as far as the same steps are concerned. Further, as for the 
impurity elements added, the same impurity elements as 
those used in Embodiment 1 will be used by way of 
example. 

First, in accordance with the steps of Embodiment 1, the 
state shown in FIG. 1C is obtained (FIGS. 15A to 15C). 
Here, a laser annealing step (second optical annealing) may 
be carried out under the same condition as in case of FIG. 
IE to thereby activate the p-type impurity element which 
was added at the channel doping step. 

Next, the crystalline silicon film is patterned to form 
active layers 1501 to 1504. On these active layers, a gate 
insulating film 1505 is formed to a thickness of 80 to 150 nm 
(110 nm, in this Embodiment). As the gate insulating film 
1505, an insulation film containing silicon can be used, but, 
in this Embodiment, a silicon oxinitride film is used. (FIG. 
15D) 

Next, resist masks 1506 to 1509 are formed. An n-type 
impurity element is then added as in case of FIG. ID. 
However, in case the impurity clement is added through an 
insulation film having a different thickness, it is necessary to 
set an accelerating voltage different from that in case of FIG. 
ID. Thus, n-type impurity regions (b) 1510 to 1512 are 
formed. (FIG. 15E) 

Next, the resist masks 1506 to 1509 are removed, and a 
laser annealing step (second optical annealing) is carried out. 
By so doing, the added n-type or p-type impurity element is 
effectively activated. Further, the interfaces between the 
active layers and the gate insulating film are also improved. 
In case of this Embodiment, it is necessary to irradiate the 
laser beam through a gate insulating film with a thickness of 
110 nm, so that, by taking this into consideration, the laser 
annealing condition must be set. (FIG. 15F) 

After this, the step shown in FIG. 2B and the ensuing 
steps are carried out in accordance with the steps of Embodi- 
ment 1. This Embodiment which is constituted as described 
above can be practiced in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 

Embodiment 14 

This Embodiment will be describe d, by referring to FIG. 
16, with respect to a case where the TFTs are fabricated in 
a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 
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as far as the same steps are concerned. Further, as for the 
impurity elements added, the same impurity elements as 
those used in Embodiment 1 will be used by way of 
example. 

5 First, in accordance with the steps of Embodiment 1, the 
first step to the step shown in FIG. IB are carried out (FIG. 
16A, FIG. 16B), and, in accordance with the steps of 
Embodiment 5, the state shown in FIG. 9A is obtained (FIG. 
16Q. In this Embodiment, there is disclosed an example of 

io the case where, after the laser annealing step (first optical 
annealing), the crystalline silicon film is patterned, but this 
step order can be reversed. Further, in this Embodiment, 
there is disclosed an example of the case where the channel 
doping step is carried out after the active layer forming step, 

15 but this step order can be reversed. Then, in accordance with 
the steps of Embodiment 6, the state shown in FIG. 10A is 
obtained (FIG. 16D). 

Next, from the state shown in FIG. 16D, the resist mask 
1001 and the protective film 905 are removed, and a gate 

20 insulating film 1505 is formed in the same manner as the 
step described in connection with Embodiment 13 and 
shown in FIG. ISA. After this, the steps shown in FIG. ISA 
to 15C are carried out in accordance with Embodiment 13, 
and thereafter, the step shown in FIG. 2B and the ensuing 

25 steps are carried out in accordance with the steps of Embodi- 
ment 1. This Embodiment which is constituted as described 
above can be practiced in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 

30 Embodiment 15 

This Embodiment will be described, by referring to FIG. 
17, with respect to a case where the TFTs are fabricated in 
a step order which differs from that of Embodiment 1. Since 

35 this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 
as long as the same steps are concerned. Further, as for the 
impurity elements added, the same impurity elements as 

40 those used in Embodiment 1 will be used by way of 
example. 

First, the first step to the step shown in FIG. 1A are carried 
out in accordance with the steps of Embodiment 1 (FIG. 
17A), and, in accordance with the step order of Embodiment 
45 7, the first step to the step shown in FIG. 11B are carried out 
(FIGS. 17B and 17C). Next, the crystalline silicon film 
which has undergone a laser annealing step (first optical 
annealing) is patterned to form active layers 1701 to 1704. 
(FIG. 17D) 

50 In this Embodiment, there is disclosed an example of the 
case where the crystalline silicon film is patterned after the 
laser annealing step (first optical annealing, but this step 
order can be reversed. 

Next, a gate insulating film 1505 is formed in the same 

55 manner as the step described in connection with Embodi- 
ment 13 and shown in FIG. ISA. After this, the steps shown 
in FIGS. ISA to ISC are carried out in accordance with 
Embodiment 13, and thereafter, in accordance with the steps 
of Embodiment 1, the step shown in FIG. 2B and the ensuing 

60 steps are carried out. This Embodiment which is constituted 
as described above can be practiced in case of fabricating the 
active matrix type liquid crystal display device according to 
Embodiments 2 and 3. 

„ Embodiment 16 

65 

This Embodiment will be described with respect to a case 
where the TFTs are fabricated in a step order which differs 
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. .u . (cui^wMl Since this Embodiment is can be practiced in case of fabricating the active matrix type 

^ l £J£^SiSJ^ 15 andtll therefore liquid costal display devices according to Embodiments 2 

be described referring to FIG. 17. Further, as for the impurity and 3. 

elements added, the same impurity elements as those used m Embodiment 18 

Embodiment 15 f ^^ that the $ This Erab odiment will be described, by referring to FIG. 

The feature of this Embodiment lies in the pomr na : in where ^ ^ fabricated in 

laser anneahng ste P^jf^ s ep oider which differs from that of Embodiment 1. Since 

connection with Embodiment 15 ™ * ^ this Embodiment differs from Embodiment 1 only in respect 

omitted, but the same ^^^^ff^n^ " of intermediate steps but identical with the latter in respect 

annealing step which is carr ed out after he * ™ ^ the same reference numerals will be ^ 

n-type impurity regions £ * ™£e as lon g as same ste ? s arc conceraed " Furlher > as for the 

laser anneahng step 'Panned ^ after Jotype irnpu y g ^ ^ ^ ^ 

0 ;SaS^ *« r d in Embodiraent 1 wU1 be by way 

can be reduced. In case of this Embodiment, however, the is example. 

laser beam must be irradiated through a gate insulating film First, the state showr, i m FIG. IB ^ obtained m ^ordance 

with a thickness of 110 nm, so that the laser annealing with the steps of Embodiment 1 (FIGS. 19A and 19B). 

condition must be set by taking this into consideration. Further, in accordance with the steps of Embodiment 4 the 

cona mon must u y y armea line) is carried state shown in FIG. 8A is obtained (FIG. 19C). Here, a laser 

oufaStSHS JS5?3K W^^^ 20 annealin g ste P (secondoptical -u^m* 

Sen the step sho^ in FIG 2B and the ensuing steps are under the same condition as used m case of FIG IB to 

SSI Sance with the steps of Embodiment 1 . activate the n-type impunty element which was added at the 

This Embodiment which is constituted as described above step shown m FIG. 19C. 

can be practiced in case of fabricating the active matrix type Next, the crystalline silicon film is patterned to form 

liquid display deices according to Embodiments 2 and 3. 25 active layers 1901 to 1904. Further, on these active layers, 

4 F 7 a gate insulating film 1905 is formed to a thickness of 80 to 

Embodiment 17 150 n m (110 nm, in this Embodiment). As the gate insulating 

This Embodiment will be described, by referring to FIG, film 1905, an insulation film containing silicon can be used, 

18, with respect to the case the TFTs are fabricated in a step 3Q but, in this Embodiment, a silicon oximtnde film is used, 

order which differs from that of Embodiment 1. Since this (FIG. 19D) 

Embodiment differs from Embodiment 1 only in respect of Next, a resist mask 1906 is formed. Then a p-type 

intermediate steps but identical with the latter in respect of impurity element is added as in case of FIG. 1C. However, 

the other steps, the same reference numerals will be used as in case the impurity element is added through an insulation 

long as the same steps are concerned. Further, as for the film having a different thickness, the accelerating voltage 

impurity elements added, the same impurity elements as must be set to a value different from that in case of FIG. 1C. 

those used in Embodiment 1 will be used by way of Thus, p-type impurity regions (b) 1907 to 1909 are formed, 

example. (FIG. 19E) 

First, in accordance with the steps of Embodiment 11, the Next, the resist mask 1906 is removed, and a laser 

state shown in FIG. 13B is obtained (FIGS. 18A and 18B). ^ annealing step (second optical annealing) is carried out. By 

Next, the resist mask 1303 is removed, and, in accordance so doing, the added n-type or p-type impurity element is 

with the technique disclosed in Japanese Patent Laid-Open effectively activated. Further, the interfaces between the 

No 130652/1995, the amorphous silicon film to which an active layers and the gate insulating film are also improved, 

n-type or p-type impurity element has been added is crys- In case of this Embodiment, it is necessary to irradiate the 

talUzed to obtain a crystalline silicon film 1801. (FIG. 18C) 45 laser beam through the gate insulating film with a thickness 

In case of effecting the crystallization by the use of the of 110 nm, so that the laser anneahng condition must be set 

technique according to Embodiment 2 described in Japanese by taking this into consideration. (FIG. 19F) 

Patent Laid-Open No. 130652/1995, it is possible to leave After this, the step shown in FIG. 2B and the ensuing 

the protective film 1302 as it is. That is, the protective film steps are carried out in accordance with the steps of Embodi- 

can be utilized as a mask film when a catalytic element for 50 ment 1. This Embodiment which is constituted as described 

promoting the crystallization is selectively added. above can be practiced in case of fabricating the active 

Next a laser annealing step (first optical annealing) is matrix type liquid crystal display devices according to 

carried out under the same condition as in case of FIG. IB. Embodiments 2 and 3. 

By this step, the crystalline silicon film to which no impurity Embodiment 19 

element has been added is improved in its crystallinity, 55 _ . 

while in the region to which the impurity element has been This Embodiment will be described, by referring to FIG. 

added, the non-crystallized silicon film is recrystallized, and 20, with respect to a case where the TFTs are fabricated in 

at the same time, the n-type or p-type impurity element a step order which differs from that of FIG, L Since this 

added is activated. It is preferable that this step is carried out Embodiment differs from Embodiment 1 only in respect of 

after the removal of the thermal oxide film formed on the so intermediate steps but identical with the latter m respect of 

surface of the crystalline silicon film 1801 through the the other steps, the same reference numerals will be used as 

crystallization step shown in FIG. 18C. (FIG. 18D) long as the same steps are concerned. Further as for the 

After this, the steps shown in FIGS. 15A to 15C are impurity elements added, the same impurity elements as 

carried out in accordance with Embodiment 13, and those used in Embodiment 1 wUl be used by way of 

thereafter, the step shown in FIG. 2B and the ensuing steps 65 example. w . 1 *u 

are carried out in accordance with the steps of Embodiment First, in accordance with the steps of Embodiment 1, the 

1 This Embodiment which is constituted as described above first step to the step shown in FIG. IB are earned out, and 



US 6,306,694 Bl 



29 



30 

v ci<- on )« nhtained in accordance in case the laser annealing step (first optical annealing) is 

^f^ttST in ™-£££^9?to£b& carried out after the n-type impurity regions (b) are formed, 

with Embodiment 5. . fo ton ' the ' laSBr annea i- lhe step shown in FIG. 2B and the ensuing steps are 

closed ^.^^^^^^Z^coa film subsequently carried out in accordance with the steps of 

ing step (first .optical ' to ^^ 8 |^ e , in 5 Embodiment 1. This Embodiment which is constituted as 

is patterned, but this ste p * £ «n to ™£ * ^ ^ ^ ^ ^ ^ of fabrjcating ^ 

^Xt^JtTJSSW!^^ order can ^^y^^^^"^* 

also be reversed. m 0 imen S 

After this, the steps shown in FIGS. 19D to 19F are Embodiment 22 
carried out in accordance with Embodiment 18, and 

thereafter the step shown in FIG. 2B and the ensuing steps This Embodiment will be described, by referring to FIG. 

are carried out in accordance with the steps of Embodiment 22 , with respect to a case where the TFTs are fabricated in 

1 This Embodiment which is constituted as described above a step order which differs from the step order of Embodi- 

caabe practiced in case of fabricating the active matrix type ment x. since this Embodiment differs from Embodiment 1 

tiauid crystal display devices according to Embodiments 2 15 only m resp ect of intermediate steps but identical with the 

a ^ d 3 latter in respect of the other steps, the same reference 

numerals will be used as long as the same steps are con- 
Embodiment 20 cerned. Further, as for the impurity elements added, the same 
TOs Embodiment will be described, by referring to FIG. . impurity elements as those used in Embodiment 1 will be 
21 with respect to a case where the TFTs are fabricated in used by way of example. 

a step order which differs from that of Embodiment 1. Since first, in accordance with the steps of Embodiment 11, the 
this Embodiment differs from Embodiment 1 only in respect first step t0 the step shown in FIG. 13A are carried out (FIG. 
of intermediate steps but identical with the latter in respect 2 2A), and then, in accordance with Embodiment 12, the 
of the other steps, the same reference numerals will be used ^ statc shown in FIG. 14A is obtained (FIG. 22B). 
as long as the same steps are concerned. Further, as for the after the remova i 0 f the protective film 1401, the 
impurity elements added, the same impurity elements as amorp hous silicon film to which an n-type impurity element 
those used in Embodiment 1 will be used by way of hag been added is cr y Sta llized in accordance with the tech- 
example, nique disclosed in Japanese Patent Laid-Open No. 130653/ 
First, in accordance with the steps of Embodiment 1, the 3Q jqc^ whereby a crystalline silicon film 2201 is obtained, 
first step to the step shown in FIG. 1A are carried out (FIG. (FIG. 22C) 

21A), and then, in accordance with Embodiment 8, the state In cage Qf e jf ect j ng me crystallization by the use of the 

shown in FIG. 12B is obtained (FIGS. 21B and 21 C). In this technique according to Embodiment 2 described in Japanese 

Embodiment, there is disclosed an example of the case patent r^id-Open No. 130652/1995, it is possible to leave 

where, after the laser annealing step (first optical annealing), 35 the protective fi lm 1401 as it is. It is because the protective 

the crystalline silicon film is patterned, but this step order filffl cafl ^ utiiize d as a mas ic film when a catalytic element 

can be reversed. for promoting the crystallization is selectively added. 

After this, the steps shown in FIGS. 19D to 19F are under tfae same cond j t i on as ^ cas e of FIG. IB, a 

carried out in accordance with Embodiment 18, and annealing step (first optical annealing) is carried out. 

thereafter, the step shown in FIG. 2B and the ensuing steps 40 By lfais & ^ the crysta u me silicon film to which the impu- 

are carried out in accordance with the steps of Embodiment rity element Das not t, een a dded is improved in its 

1. This Embodiment which is constituted as described above cryst alHnity, while, in the region to which the impurity 

can be practiced in case of fabricating the active matrix type element has been added, the non-crystallized silicon film is 

liquid crystal display devices according to Embodiments 2 ^c^t^^ and at the same time, the n-type impurity 

and 3. 45 element added is activated. It is preferable that this step is 

c u r mM t ?1 carried out after the thermal oxide film formed on the surface 

bmbodiment -1 ^ f ^ crystaUine silicon film 2 201 through the crystalliza- 

This Embodiment will be described with respect to a case tion stcp shown in FIG 2 2C. (FIG. 22D) 

where the TFTs are fabricated in a step order which differs ^ ^ ^ ghown in F , GS 19D t0 19F m carried 

from that of Embodiment 1. Since this Embodiment is so Qm ^ accordance ^ Embodiment 18, and thereafter, the 

basically identical with Embodiment 20, the description will . q ^ 2B and ^ ensuing steps m car ried out . 

be made referring to FIG. 21. Further, as for the impurity . q accordance ^ the steps of Embodiment 1. In this 

elements added, the same impurity elements as those used m Embodiment, there is disclosed an example of the case 

Embodiment 20 will.be used by way of example. ^ th& lager anrjealing step (fig. 22D), the crys- 

In this Embodiment, the laser annealing step (first optical 55 (aUine silicon film [ & pa tteraed, but this order can be 

annealing) described in connection with Embodiment 20 and reV ersed. Further, this Embodiment which is constituted as 

shown in FIG. 21C is omitted, but this same step is jointly described above can be practiced in case of fabricating the 

carried out by the laser annealing step performed after the active raatr j x type Hquid crystal display devices according to 

n-type impurity regions (b) are formed. In this case, the Embodiments 2 and 3. 

condition for the laser annealing step carried out after the 60 

formation of the n-type impurity regions (b) must be Embodiment 23 

chanced to the first optical annealing, but, by so doing, the * . 

number of steps can be reduced. In case of this Embodiment, This Embodiment will be described^ referring to KG. 

however, it is necessary to irradiate the laser beam through 23, with respect to a case where > the TTTs are fabricated in 

the gate insulating film having a thickness of 110 nm, so that, 65 a step order which differs jfrom ithat of Embodiment 1. Since 

bv taking this into consideration, the laser annealing condi- this Embodiment differs from Embodiment 1 only in respect 

tion must be set of intermediate steps but identical with the latter in respect 
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of the other steps, the same reference numerals will be used 
as long as the same steps are concerned. Further, as for the 
impurity elements added, the same impurity elements used 
in Embodiment l.will also be used by way of example. 

First, the first step to the state shown in FIG. IB are 5 
carried out in accordance with the steps of Embodiment 1 
(FIGS. 23Aand 23B). Next, the crystalline silicon film 103 
is patterned in the same manner as in case of Embodiment 
5 to form active layers 901 to 904. In this Embodiment, there 
is disclosed an example of the case where, after the laser 10 
annealing step (first optical annealing), the crystalline sili- 
con film is patterned, but this order can be reversed. 

Then, on these active layers, a gate insulating film 2301 
is formed to a thickness of 80 to 150 nm (110 nm, in this ^ 
Embodiment). As the gate insulating film 2301, an insulation 
film containing silicon can be used, but, in this Embodiment, 
a silicon oxinitride film is used. (FIG. 23C) 

Next, resist masks 2302 to 230S are formed. Then an 
n-type impurity element is added as in case of FIG. ID. 20 
However, in case the impurity element is added through an 
insulation film having a different thickness, the accelerating 
voltage must be set to a value different from that in case of 
FIG. ID. Thus, n-type impurity regions (b) 2306 to 2308 are 
formed. (FIG. 23D) 25 

Next, the resist masks 2302 to 2305 are removed, and a 
resist mask 2309 is newly formed. Then a channel doping 
step is carried out under the same condition as in case of 
FIG. 1C. However, in case of adding the impurity element 
through an insulation film having a different thickness, it is 3 o 
necessary to set the accelerating voltage to a value different 
from that in case of FIG. 1C. Thus, p-type impurity regions 
(b) 2310 to 2312 are formed. (FIG. 23B) 

In this Embodiment, the step shown in FIG. 23 D and the 
step shown in FIG. 23E can be reversed in step order. 35 

Next, the resist mask 2309 is removed, and a laser 
annealing step (second optical annealing) is carried out. By 
so doing, the n-type or p-type impurity element added is 
effectively activated. Further, the interfaces between the 
active layers and the gate insulating film are also improved. 40 
In case of this Embodiment, it is necessary to irradiate the 
laser beam through a gate insulating film with a thickness of 
110 nm, so that, by taking this into consideration, the laser 
annealing condition must be set. (FIG. 23F) 

After this, the step shown in FIG. 2B and the ensuing 45 
steps are carried out in accordance with the steps of Embodi- 
ment 1. This Embodiment which is constituted as described 
above can be practiced in case of fabricating the active 
matrix type liquid crystal display devices according to ^ 
Embodiments 2 and 3. 

Embodiment 24 

This Embodiment will be described with respect to a case 
where the TFTs are fabricated in a step order which differs 55 
from that of FIG. 1. Since this Embodiment is basically 
identical with Embodiment 23 and will therefore be 
described referring to FIG. 23. Further, as for the impurity 
elements added, the same impurity elements as those used in 
Embodiment 23 will also be used by way of example. 6 q 

The feature of this Embodiment lies in the point that the 
laser annealing step (first optical annealing) described in 
connection with Embodiment 23 and shown in FIG. 23B is 
omitted, but the same step is jointly fulfilled by a laser 
annealing step (FIG. 23F) which is performed after the 65 
n-type impurity regions (b) are formed. In this case, the 
condition for the laser annealing step carried out after the 
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n-type impurity regions (b) are formed needs to be changed 
to a first optical annealing, but, by this measure, the number 
of steps can be reduced. In case of this Embodiment, 
however, it is necessary to irradiate a laser beam through the 
gate insulating film with a thickness of 110 nm, so that, by 
taking this into consideration, the laser annealing condition 
must be set. 

After the laser annealing step (first optical annealing) 
shown in FIG. 23F is carried out, the step shown in FIG. 2B 
and the ensuing steps are carried out in accordance with the 
steps of Embodiment 1. 'Iliis Embodiment which is consti- 
tuted as described above can be practiced in case of fabri- 
cating the active matrix type liquid crystal display devices 
according to Embodiments 2 and 3. 

Embodiment 25 

This Embodiment will be described, by referring to FIG. 
24, with respect to the steps for forming a semiconductor 
film which is to constitute the active layers of the TFTs. The 
crystallizing means used in this Embodiment is the tech- 
nique according to Embodiment 1 described in Japanese 
Patent Laid-Open No. 130652/1995. 

First, on a substrate (a glass substrate, in this 
Embodiment) 2401, there are formed a ground film 2402 
comprising a silicon oxinitride film with a thickness of 200 
nm and an amorphous semiconductor film (an amorphous 
silicon film, in this Embodiment) 2403 with a thickness of 
200 nm. This step may be carried out in such a manner that 
the ground film and the amorphous semiconductor film are 
continuously formed without being exposed to the atmo- 
spheric air. 

Next, an aqueous solution (aqueous solution of nickel 
acetate) containing a catalytic element (nickel, in this 
Embodiment) of 10 ppm in terms of weight is applied by 
spin coating to form a catalytic element containing layer 
2404 over the whole surface of the amorphous semiconduc- 
tor film 2403. As the catalytic elements which can be used 
here, there are, besides nickel, metals such as germanium 
(Ge), iron (Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt 
(Co), platinum (Pt), copper (Cu) and gold (Au). (FIG. 24A) 

Although, in this Embodiment, the method of adding 
nickel by spin coating is used, it is also possible to employ 
the means of forming, on the amorphous semiconductor 
film, a thin film (nickel film, in this Embodiment) compris- 
ing a catalytic element, by the use of the evaporation method 
or the sputtering method. 

Next, prior to the step of crystallization, a heat treatment 
step is carried out at 400 to 500 c C for about 1 hour to 
eliminate the hydrogen from within the film, and then, heat 
treatment is carried out at 500 to 650° C. (preferably, 550 to 
570° C) for 4 to 12 hours (preferably, 4 to 6 hours). In this 
Embodiment, the heat treatment is carried out at 550° C. for 
4 hours to form a crystalline semiconductor film (a crystal- 
line silicon film, in this Embodiment) 2405. (FIG. 24B) 

Here, a laser annealing step (first optical annealing) 
similar to the laser annealing step described in connection 
with Embodiment 1 and shown in FIG. IE may be carried 
out to improve the crystallinity of the crystalline semicon- 
ductor film 2405. 

Next, a gettering step for removing from the crystalline 
silicon film the nickel used at the crystallization step. First, 
a mask insulation film 2406 is formed to a thickness of 150 
nm on the surface of the crystalline semiconductor film 
2405, and openings 2407 are formed by patterning. Then 
there is carried out the step of adding an element belonging 
to the group XV of the periodic table (phosphorus, in this 
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Embodiment) to the thus exposed crystalline semiconductor 
film. By this step, gettering regions 2408 containing phos- 
phorus at a concentration of lxlO 19 to lxlO 20 atoms/cm are 
formed. (FIG. 24C) . 

Next, heat treatment is carried out in a nitrogen atmo- 5 
sphere at 450 to 650° C (preferably, 500 to 550° C.) for 4 
to 24 hours (preferably 6 to 12 hours). By this heat treatment 
step, the nickel in the crystalline semiconductor film is 
moved in the directions indicated by arrows, and, by the 
gettering function of the phosphorus, the nickel is captured io 
in the gettering regions 2408. Namely, since the nickel is 
removed from within the crystalline semiconductor film, the 
concentration of the nickel contained in the crystalline 
semiconductor film 2409 can be reduced down to 1x10 
atoms/cm 3 or below, preferably as low as lxlO 16 atoms/cm . is 
(FIG. 24D) 

The thus formed crystalline semiconductor film 2409 is 
constituted of a crystalline semiconductor film with a very 
excellent crystallinity by the use of a catalytic element 
(nickel, here) for promoting the crystallization. Further, after 
the crystallization, the catalytic element is removed by the 
gettering function of the phosphorus; and thus, the concen- 
tration of the catalytic element remaining in the crystalline 
semiconductor film 2409 (excluding the gettering regions) is 
lxlO 17 atoms/cm 3 or below, preferably lxlO 16 atoms/cm 3 . 

The feature of this Embodiment lies in the point that, after 
a crystalline semiconductor film crystallized by the use of a 
catalytic element is formed, gettering regions (regions con- 
taining at a high concentration an impurity element belong- 
ing to the group XV of the periodic table) are formed in the 
regions which are not used as active regions, and, by heat 
treatment, the catalytic element which has been used for the 
crystallization is subjected to gettering. 

The constitution of this Embodiment can be freely com- 
bined with any of the constitutions disclosed through 
Embodiments 1, 4 to 24. Further, it is also effective to 
practice this Embodiment in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 

Embodiment 26 

This Embodiment will be described, by referring to FIG. 
25, with respect to the step of forming a semiconductor film 
which is to constitute the active layers of the TFTs, More 
specifically, the technique disclosed in Japanese Patent Laid- 
Open No. 247735/1998 (corresponding to U.S. patent appli- 
cation Sen No. 09/034,041) is used. 

First, on a substrate (a glass substrate, in this 
Embodiment) 2501, there are formed a ground layer 2502 
comprising a silicon oxinitride film with a thickness of 200 
nm and an amorphous semiconductor film (an amorphous 
silicon film, in this Embodiment) 2503. This step may be 
carried out in such a manner that the ground layer and the 
amorphous semiconductor film are continuously formed 
without being exposed to the atmospheric air. 

Next, a mask insulation film 2504 comprising a silicon 
oxide film is formed to a thickness of 200 nm, and an 
opening 2505 is formed. 

Next, an aqueous solution (aqueous solution of nickel 
acetate) containing a catalytic element (nickel, in this 
Embodiment) of 100 ppm in terms of weight is applied by 
the spin coating method to form a catalytic element con- 
taining layer 2506. In this case, the catalytic element con- 
taining layer 2506 is selectively contacted with the amor- 
phous semiconductor film 2503, in the region in which the 
opening 2505 is formed. As the catalytic elements usable 
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here, there are, besides nickel (Ni), metals such as germa- 
nium (Ge), iron (Fc), palladium (Pd), Tin (Sn), lead (Pb), 
cobalt (Co), platinum (Pt), copper (Cu) and gold (Au). (FIG. 
25A) 

Further, in this Embodiment, the method of adding nickel 
by spin coating is used, but it is also possible to adopt the 
means of forming on the amorphous semiconductor film a 
thin film (a nickel film, in this Embodiment) comprising a 
catalytic element by the use of evaporation method or the 
sputtering method. 

Next, a heat treatment step is carried out at 400 to 500° C. 
for about 1 hour prior to a crystallization step, and, after the 
hydrogen is eliminated from within the film, heat treatment 
is carried out at 500 to 650° C. (preferably, 550 to 600° C.) 
for 6 to 16 hours (preferably 8 to 14 hours). In this 
Embodiment, the heat treatment is carried out at 570° C. for 
14 hours. As a result, crystallization proceeds, from the 
opening 2505 as a staring point, in a direction (the direction 
indicated by an arrow) approximately parallel to the 
substrate, whereby there is formed a crystalline semicon- 
ductor film (a crystalline silicon film, in this Embodiment) 
2507 in which the macroscopic crystal growth direction is 
uniform. (FIG. 25B) 

Next, a gettering step is carried out for removing from the 
crystalline silicon film the nickel used at the crystallization 
step. In this Embodiment, first the step of adding an element 
(phosphorus, in this Embodiment) belonging to the group 
XV of the periodic table by the use, as a mask, of the mask 
insulation film 2504 formed a while ago is carried out, and 
a gettering region 2508 is formed, which contains phospho- 
rus at a concentration of lxlO 19 to lxlO 20 atoms/cm 3 , in the 
crystalline semiconductor film exposed in the opening 2508. 
(FIG. 25C) 

Next, a heat treatment step is carried out in a nitrogen 
atmosphere at 450 to 650° C. (preferably 500 to 550° C.) for 
4 to 24 hours (preferably 6 to 12 hours). By this heat 
treatment step, the nickel in the crystalline semiconductor 
film is moved in the direction indicated by an arrow and 
captured in the gettering region 2508 by the gettering 
function of the phosphorus. Thus, from within the crystalline 
semiconductor film, the nickel is removed, so that the 
concentration of nickel contained in the crystalline semi- 
conductor film 2509 can be reduced to as low as lxlO 17 
atoms/cm 3 or below, preferably lxlO 16 atoms/cm 3 . (FIG. 
25D) 

The crystalline semiconductor film 2509 formed as men- 
tioned above turns out to be constituted of a crystalline 
semiconductor film having very good crystallinity, by crys- 
50 tallizing the film through the selective addition of a catalytic 
element (nickel, here) for promoting the crystallization. 
More specifically, the crystalline semiconductor 2509 has a 
crystalline structure in which rod-like or pillar-like crystals 
are arranged side by side with a specific orientation. Further, 
55 after the crystallization, the catalytic element is removed by 
the gettering function of the phosphorus; and thus, the 
concentration of the catalytic element remaining in the 
crystalline semiconductor film 2509 is lxlO 17 atoms/cm 3 or 
below, preferably lxlO 16 atoms/cm 3 . 
60 The feature of this Embodiment lies in the point that, after 
the crystalline semiconductor film crystallized by the use of 
a catalytic element is formed, a gettering region (a region 
containing at a high concentration an impurity element 
belonging to the group XV of the periodic table) is formed 
65 in a region which is not used as active region, and, by heat 
treatment, the catalytic element used for the crystallization 
is subjected to gettering. 
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c .u' c^^Him.ni ran be freelv com- also effectively practiced in case of fabricating the active 

^ss^^ ss^^r* display devices accordklg 10 

men* 1, 4 to 24. Further, the constitution of this Embodi- Embodiments 2 and 3. 

ment can be practiced in case of fabricating the active matrix Embodiment 28 

type liquid crystal display devices according to Embodi- s rh{& Embodiment will be described, by referring to FIG. 

ments 2 and 3. 27, with respect to a case where the TFTs are fabricated in 

a s tcp order which differs from that of Embodiment 1 . Since 

Embodiments 27 ^ Embod i ment [ s identical with Embodiment 1 in respect 

This Embodiment will be described, by referring to FIG. 0 f the steps ranging from the first step to an intermediate 

26 with respect to a case where the TFTs are fabricated in io stepj lhe samc reference numerals will be used as long as the 

a step order which differs from that of Embodiment 1. Since same ste ps are concerned. Further, as for the impurity 

this Embodiment is identical with Embodiment 1 in respect elements added, the same impurity elements used in 

of the first step to an intermediate step, so that the same Embodiment 1 will also be used by way of example, 

reference numerals will be used as long as the same steps are Firetj the state s hown in FIG. 2C is obtained in accordance 

concerned Further, as for the impurity elements added, the 15 with the steps Q f Embodiment 1. Next, the gate insulating 

same impurity elements as those used in Embodiment 1 will fihn is etched in a self-alignment manner by the use of the 

be used by way of example. gate wirings as a mask. For the etching, the dry etching 

First the state shown in FIG. 2C is obtained in accordance method is employed, and, as the etching gas, a CHF 3 gas is 

with the steps of Embodiment 1. Next, the step of adding an use d. However, the etching gas need not bt * Hmit«! £ this 

n-tvne impurity element (phosphorus, in this Embodiment) gas . In this way, gate insulating films 2701 to 2704 are 

under the same condition as used in case of FIG. 2D. Thus, formed underneath the gate wirings. In the pixel TFT, the 

n-type impurity regions (c) 125 to 130 are formed. In this gat e insulating films are etched to the same pattern as m case 

connection, phosphorus is added also to the already formed 0 f the gate wirings, so that they are designated by the same 

n-type impurity regions (b) at the same time, but the ^ reference numerals. (FIG. 27A) 

concentration of phosphorus added at this step is sufficiently ^ Next> a res i st mask 2705 is formed, and a p-type impurity 

low as compared the phosphorus contained in the n-type element (boron, in this Embodiment) is added under the 
Immiritv reeions (b) and therefore not shown here. (FIG. 

same condition as in case of FIG. 3 A. By this step, p-type 

26A) impurity regions (a) 2706 and 2707 are formed. (FIG. 27B) 

Next, the gate insulating film is etched in a self- alignment ^ N ext) resist masks 2708 to 2711 are formed, and an n-type 

manner by the use of the gate wirings as a mask. For this impurity element (phosphorus, in this Embodiment) is added 

etching, the dry etching method is employed, and, as the under the same condition as in case of FIG. 2E By this step, 

etching as, a CHF 3 gas is used. However, the etching gas n -type impurity regions (a) 2713 to 2718 are formed. In this 

need not be. limited to this gas. In this way, gate insulating case , the phosphorus is also added to portions (the regions 

films 131 to 134 are formed underneath the gate wirings. indicated by numerals 2719 and 2720) of the p-type impurity 

QfiQ 26B) regions (a) 2706 and 2707, but the concentration of this 

Next a resist mask 2601 is formed, a p-type impurity phosphorus is sufficiently low as compared with the con- 
element (boron, in this Embodiment) is added under the centration of the boron contained in the p-type impurity 
same condition as in case of FIG. 3A. By this step, p-type regions (a) and therefore not shown. (FIG. 27C) 
impurity regions 2602, 2603 are formed. (FIG. 26C) 4Q Next, the resist masks 2708 to 2711 are removed, and a 

Next resist masks 2604 to 2607 are formed, and an n-type protective film 2721 which comprises an insulation film 

impurity element (phosphorus, in this Embodiment) is added containing silicon is formed to a thickness of 130 nm. Then, 

under the same condition as in case of FIG. 2F. By this step, under the same condition as in case of FIG. 2D, the step of 

n-tvneimourity regions (a) 2608 to 2614 are formed. In this adding an n-type impurity element (phosphorus, in this 

case! the phosphorus is also added to portions (the regions 45 Embodiment) is- carried out. In this way n-type impurity 

indicatedbynumerals2615and2616)of thep-type impurity regions (c) 2722 to 2725 arc formed. Although, also to the 

regions (a) 2602, 2603 at a concentration of IxlO 20 to n-type impurity regions (b), n-type impurity regions (a) and 

lxlO 21 atoms/cm' 3 , but this phosphorus concentration is p-type impurity regions (a) which are already formed, the 

sufficiently low as compared with the concentration of boron phosphorus is added at the same time, the concentration of 

contained in the p-type impurity regions (a) and therefore 50 the phosphorus added here is sufficiently low as compared 

not shown here (FIG 26D) with the concentration of the impurity elements contained in 

After this, by carrying out the step shown in FIG. 3B and the other impurity regions and therefore not shown. (FIG. 

the ensuing steps in accordance with the steps of Embodi- 27D) 

mcnt 1 an active matrix substrate of the structure described After this, the step shown m HG. 3B and the ensuing 

in connection with FIG. 3C. In case this Embodiment is 55 steps are carried out in accordance with the steps of Embodi- 

practiced, the concentration of the impurity element con- ment 1, whereby an active matrix substrate of the structure 

tained in the impurity regions formed in the active regions described in connection with FIG. 3C can be fabricated. In 

finally may differ from that of Embodiment 1 in some cases case this Embodiment is practiced, the concentrations of the 

due to the change in the order of the steps. However, the impurity elements contained in the impurity regions formed 

substantial functions of the respective impurity regions do eo finally in the active regions may differ from those of 

not vary so that, as the description of the final structure Embodiment 1 in some cases. However, the substantial 

obtained'in case this Embodiment is practiced, the descrip- functions of the respective impurity regions do not differ so 

tion of the structure shown in FIG. 3C can .be directly that, as the description of the final structure in case this 

referred to Embodiment is practiced, the description of the structure 

Further/theconstitutionofthis Embodiment canbe freely 65 shown in FIG. 3C can be d^ectly referred to 

combined with the constitution of any of Embodiments 1, 4 Further, the constitution of this Embodiment can be freely 

to 24. Further, the constitution of this Embodiment can be combined with the constitution of any of Embodiments 1, 4 
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t.u- E „i„j; mpn i ran also Further, the constitution of this Embodiment can be freely 

,o 24. Fitter, the «n*tunc«of this |J combtaed with the constitution of any of Embodiments 1 4 

be effectively practiced in case of bbncttmg >J ^ of ^ Embodimen t can also 

matrix type liquid crystal display devices according ^ efectively prac t ic ed in case of fabricating the active 
Embodiments 2 and 3. s matrix type liquid crystal display devices according to 

Embodiment 29 Embodiments 2 and 3. 

This Embodiment will be described, by referring to FIG. Embodiment 30 

28, with respect to a case where the Jtf^J^™™ . ^ Embodiment will be described, by referring to FIG. 

a step order which differs from that of tmbodi™nt 1 Since 'X™^ to , casc wherc the TFTs are fabricated in 

mis Embodiment is ^^J^^T^^S a s ep orderwhicb differs from that of Embodiment 1. Sine* 

of the steps ranging from this Lbodiment is identical with Embodiment 1 in respect 

step, the same * ^ n f £J uy of the steps ranging from the first step to an intermediate 

same steps are concerned. Further, as tor the nnp y v ^ ^ ^ ^ 

elements added, he same «^"* e * m ^ ^ ,5 ton P ' „ the same steps are concerned. Further, as for the 
Embodiment 1 will also be used by way of example. ong as P ^ 

First, the state shown in FIG 2C is Solent 1 will also be used byway of example, 
with the steps of Embodiment 1. Next, the gate mating pio 2< , . g jn accordance 

film is etched u. a ^lf-ahgnment manner ^ ^Jj with the steps of Embodiment 1. Next, the gate insulating 
gate wirings as a mask, tor this etching . the *V «S 2() P self-alignment manner by the use of the 

method is employed, and, as the eldnn gas aCHF, g«s» him «eicD t e ^ 

S^^iHSHS - e?J3 sac w sisss s 

as in case of the gate ^6%^"^ are desl & nated b * insulati films are c[ched t0 . the same pattern as in case 

the same reference numeral, (no. £VA) of the sate wirings, so that they are designated by the same 

Next, a resist mask 2805 is formed, and a p-type impurity ^J^^ (VIG 29A) 

element (boron, in £ "^rZ^i to ^~*««-.»-^ 

same conditton as in case formed Sib S 30 impurity element (phosphorus, in this Embodiment) is added 

impurity regions (a) 2806 and 2807 are formed. 1*"*^ ? > M in case of FIG . 2F . By thisstep, 

Next, the resist mask 280S .s removed, and a protect ve 291? ^ fonned ^ 

film 2808 which comprises an insulation film containing niype imp y g w 

sih'con is formed toatetaof 130 nm^Then underthe ^ ^ fc ^ ^ ^ a 

T-'lS^uritr.to™" S^pTori in r h is 35 resist mask 2918 is newly fonned. Then, under the same 
an n-type impurity eiem u> p condi tion as in case of FIG. 3 A, a p-type impurity element 

Embodiment) * «™gc«L £ AUhough al o L the (boron, in this Embodiment) is added. By this step, p-type 

The S^ntsTolined in the other impurity regions (a) 2909, 2910 arc perfectly reversed to the p-type 

Lions and therefore not shown here. (FIG. 28C) conductivity. (FIG. 29C) 

Nex iter the protective film 2808 is removed, resist 45 Next, the resist mask 2918 is removed, and a protective 

ctf^lf to 2815 are formed and an n-type impurity film 2921 which comprises an msulation film containing 

masks 2813 to 2815 are "^^^V^ ^ si i icon is formed to a thickness of 130 nm. Then, under the 

element (phosphorus^ in this Embodiment) condition as fa case of fig. 2D, the step of adding an 

n-ty P eimpurityelement(phosphorou S ,inthisEmbodimenO 

SrlSd also to portions (the regions indicated so is carried out. In this way, n-type impurity regions (c) 2922 

ly nunTa L 28^3 1 1 2824) P of the p-type impurity regions ,0 2925 are formed. Although, also to the n-«je nnpurUy 

fa^ 2806 and 2807, the phosphorus concentration of these regions (b), the n-type impurity regions (a) and the p-type 

nitons is sufficiently low as compared with the concen- impurity regions (a) which are already formed, the phos- 

E of bor^ coined in the p-type impurity regions (a) phorus is added at the same time, the concentrauon of the 

T.u l7«hnw n (V\C, 28E» 55 phosphorus added here is sufficiently low as compared with 

^A^SS^VSg. 3B and the ensuing UL~^*i*^^c^bto 

stei area rcied ouTfa accordance with the steps of Embodi- other impurity regions and therefore not shown. O'IG. 29D) 

men 1 XrX an ac ive matrix substrate of the structure After this, the step shown in FIG 3B and the ensuing 

Scribed hi connection with FIG. 3C can be fabricated. In steps are carried out in accordance w.th the steps of Embod.- 

SfeEmb^dTment is practiced, the concentrations of the 60 ment 1, whereby an active matrix substrate of the structure 

iSSSSJSnnudMd in the impurity regions finally described in connection with FIG. 3C can be fabricate fa 

S in the active regions may differ from those in case mis Embodiment is practiced, the concentrations of the 

Embodiment 1 in some cases. However, the substantial impurity elements contained in the impunty regions formed 

tWoTof the respective impurity regions do not differ, so finally in the active regions may differ from those « 

£a Z ^Ae description of the final structure in case this 65 Embodiment 1 in some cases. However, the substanturt 

EmUimentfe practiced, the description of the structure functions of the respective .mpunty regtons do not differ so 

shown n FIG. 3C can be directly referred to. that, as the descr.ptton of the final structure in case this 
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Embodiment is practiced, the description of the structure functions of the respective impurity regions do not differ, so 

shown in FIG 3C can be directly referred to. that, as the description of the final structure m case this 

Further the constitution of this Embodiment can be freely Embodiment ^is practiced the description of the structure 

comb" sh0Wn 1D ^ 3C Can be dl /f^ L re ^ edl0 ' h f , 

to 24 Moreover the constitution this Embodiment can also 5 Further, the constitution of this Embodiment can be freely 

be effectively practiced in case of fabricating the active combined with the constitution of any of Embodiments 1, 4 

matrix type liquid crystal display devices according to to 24. Moreover, the constitution of this Embodiment can 

Embodiments 2 and 3 . also DC effectively practiced in case of fabricating the active 

matrix type liquid crystal display devices according to 

Embodiment 31 10 Embodiments 2 and 3. 

This Embodiment will be described^ referring to FIG. Embodiment 32 
30, with respect to a case where the TFTs arc fabricated m 

a step order which differs from that of Embodiment 1. Since j n case 0 f the fabrication steps disclosed in connection 

this Embodiment is identical with Embodiment 1 in respect with Embodiments 1, 4 to 31, there are shown examples 

of the steps ranging from the first step to an intermediate h eac jj constituted in such a manner that only to the region 

step, so that the same reference numerals will be used as which is to constitute n-chaonel type TFTs, channel doping 

long as the same steps are concerned. Further, as for the j s mac j e to control the threshold voltage, but it is also 

impurity elements added, the same impurity elements used possible to apply channel doping to the whole surface 

in Embodiment 1 will also be used by way of example. without making distinction of the n-channel and p-channel 

First, the state shown in FIG. 2C is obtained in accordance 20 type TFTs. In this case, the number of photo masks used at 

with the steps of Embodiment t Next, the gate insulating the fabrication steps is reduced, so that the throughput and 

film is etched in a self-alignment manner by the use of the yield of the fabrication steps can be enhanced, 

gate wirings as a mask. For this etching, the dry etching Further, it is also possible in some cases to make channel 

method is employed, and, as the etching as, a CHF 3 gas is doping to the whole surface and add, to the p -channel or the 

used. However, the etching gas need not be limited to this * n . c h anne l type TIT, an impurity element which gives the 

gas. In this way, gate insulating films 3001 to 3004 are conductivity type opposite to that of the impurity element 

formed underneath the gate wirings. In the pixel TFT, the which has been added to the whole surface, 

gate insulating films are etched to the same pattern as in case ^ constilution of lhis Embodiment can be freely com- 

of the gate wirings, so that they are designated by the same 30 bined ^ the COQStitution of any of Embodiment 1, 4 to 31 . 

reference numeral. (FIG. 30A) Further, it is also effective to practice this Embodiment in 

Next, resist masks 3005 to 3008 are formed, and an n-type case of fabricating the active matrix type liquid crystal 

impurity element (phosphorus, in this Embodiment) is added display devices according to Embodiments 2 and 3. 
under the same condition as in case of FIG. 2F. By this step, 

n-type impurity regions (a) 3009 to 3017 are formed. (FIG. 35 Embodiment 33 

M „ rtrtrt , - The fabrication steps of Embodiments 1,4 to 32 are based 

Next, the resist masks 2905 to 2908 are removed, and a Qn ^ ^ ^ before fom| . ^ wM of the 

protective film 3018 which comprises an insulation film n _ charmel t ^ the n4ype impurity regions (b) which 

containing silicon is formed to a thickness ot 130 nm. Then wfll ^ ^ Lqv iofls afe formed ^ advance 

under the same condition as in case of FIG. 2D, the step of 40 th& impur ity regions (a) and the n-type 

' adding an n-type impurity element (phosphorus, in this T ^ Qns (q) &k bQth aHke formed m a ^ 

Embodiment] I is carried lout. In mis way, n-type impurity ali nt m this constituting a feature of these 

regions (c) 3019 to 3022 are formed. Although, also to the Embodiments 1 4 Lo 32 

n-type impurity regions (b) and the n-type impurity regions . ' ' . . 

(a) which are already forced, the phosphorus is added at the 45 However, in order to attain the effect of the invention, ,t 

sarne time, the concentration of the phosphorus added here S^ 1 ^ ^ ^ structure K a structure as shown m 

is sufficiently low as compared with the concentrations of F u IG - ^ f but the « 10n » ™ ***f t0 th / P r ° cess , t0 g ° 

the impurity elements contained, in the other impurity ">™g>> &>r reaching the hnal structure Accordingly in 

regions and therefore not shown. (FIG. 30C) some cases ' the ™P™* «S"«" d the 0_tv P e 

* „ , Xtx+o - j impurity regions (c) can be formed also by the use of resist 

Next after the protective film 3018 is removed a resist so * ^ fabfication afe 

mask 3023 * formed, and a p-type impurity element (boron, ^ ^ Qf Erabodiment ^ 4 t0 ^ but ev 

in this Embodiment) is added under the same condition as m CQmbmation thereof fa m . 

. case of FIG. 3A. By this step, p-type impurity regions 3024, *\ , , 

3025 are formed. The concentration of the boron added here Further, « * » matter of course that the constitution of this 

is sufficiently higher than the concentration of the concen- 55 Embodiment can be practiced in case of fabricating the 

tration of the phosphorus added at the foregoing step shown active matrix type liquid crystal display devices according to 

in FIG, 30B, so that the n-type impurity regions (a) 3009, Embodiments 2 and 3. 

3010 are perfectly inverted to the p-type conductivity. (FIG. Embodiment 34 
30D) 

After this, the step shown in FIG. 3B and the ensuing 60 This Embodiment will be described with respect to a case 

steps are carried out in accordance with the steps of Embodi- where the invention is applied to a semiconductor device 

ment 1, whereby an active matrix substrate of the structure fabricated on a silicon substrate. Typically, the invention can 

described in connection with FIG. 3C can be fabricated. In be applied to a refiection type liquid crystal display device 

case this Embodiment is practiced, the concentrations of the using, as the pixel electrode, a metal film having a high 

impurity elements contained in the impurity regions formed 65 reflectance. 

finally in the active regions may differ from those in This Embodiment is constituted as follows: In Embodi- 

Embodimcnt 1 in some cases. However, the substantial ments 1 and 4, an n-type or a p-type impurity element is 
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, aa •. t h.«n;^n«ihstratefsilicon wafer - ) to form . Further, in case of employing laser crystallization, after an 
«^y^ to ^^^^^ ( ^«S„d«iii amorphous structure containing semiconductor film is 
impurity regions such as LDD reg on source .region or h annealing step is carried out by the first 

region, in ^^^^S^^ op.ical'annealing as disclosed in Embodiment 1. By so 

is only included the step oi laser ^aun„ l iiyp pj f structure containing semiconductor film 

Sffi? ^2^7^^^ formed in a short fin*. Of course, lamp annealing 
Smfg may be used in place of the laser annealing. 

reriwuffW or to the order of forming the gate insulating As stated above, the crystalline structure containing semi- 

regions, w oi conductor film used in the present invention can be formed 

Partner this Embodiment is to be, finally, structured so as 10 by the use of every known means. This Embodiment which 

to e££ made in such a manner that at is constituted as described above can be practiced in face of 

L tap^ fabri « active matnx type liquid crystal display 

and the same substrate, the LDD regions of the n-channel devices according to Embodiments 2 and 3. 

tvne TFTs which form the driving circuits are disposed so as Pm , , m _ - 7 

KarUally or wholly overlap the gate wirings, the LDD is Embodiment 37 

regions of the pixel TFT which forms the pixel portion are This Embo di me nt will be described with respect to a case 

disposed so as not to overlap the gate wirings, and, in the where lhe ^ are fabricated in a step order which differs 

LDD regions of the n-channel type TFTs which form the &om that of Embo di me nt 1. Since this Embodiment is 

driving circuits, an n-type impurity clement is contained at identical with Embodiment 1 in respect of intermediate 

a concentration higher than that of the LDD regions of the 20 Further, as for the impurity elements added, the same 

pixel TFT. t t . impurity elements as those used in Embodiment 1 will be 

Further, it is a matter of course that the constitution of this used by way 0 f example. 

Embodiment can be practiced in case of fabricating the T ^ Embodiment is constituted in such a manner that, 

active matrix type liquid crystal display devices according to ^ & semiconductor film containing silicon is formed to a 

Embodiments 2 and 3. thickness of 10 to 30 nm by the step described in Embodi- 

Embodiment 35 ment 1 and shown in FIG. 2D, an n-type impurity element 

In case of Embodiment ^^^^^ ^ i^ 

dLoTed^ - even ^of then-type impurity element runs around. 

£o ? .HJSdTioperly in accordance with the circuit Namely, the silicon containing insulation film formed on 

Sficat ons butf if the TFT size is reduced (The channel the side wails of the gate wirings forms an offset cone- 

encS s P° ndin S t0 its film thiGkneSS ' 50 that a nn gh feS1S T 

»*» « ' be f rr d By r doingi the 0FF " current 

Namely, if the channel length becomes 2 pa or below, 35 can be sufficiently lowered. " 

then the short channel effect comes to be actually revealed, This Embodiment can be freely combined with any of 

so that in some cases, it becomes necessary to dispose a Lov Embodiments 1, 4 to 36. Further, it » also effective to 

regLVlsointhep<hannelty P eTTT.Asstatedabove,in the practice this Embodiment in case of fabricating the^active 

invention the p-channel type TFT is not limited to the matrix liquid crystal display devices according to Embodi- 

structure shown in Embodiment 1, 4 to 31, but may be of the 40 men ts 2 and 3. 

same structure as that of the n-channel type TFT. Embodiment 38 

Further, in case of practicing this Embodiment, impurity 
regions are to be formed which contain a p-type impurity while the second optical annealing is performed in pro- 
element at a concentration of 2xl0 16 to 5xl0 19 atoms/cm , cess steps shown in the Embodiments 1, 4-8, 13-15, 17-20, 
as in case the n-type impurity regions (b) are formed in the « ^ ^ and 2 7-H, it is possible to omit the second optical 
constitution according to one of Embodiment 1, 4 to 31. an nealing. In this case, an activation process can be per- 
Further, it is effective to practice this Embodiment which is f ormc d after addition of all impurity elements, 
constituted as described above, in case of fabricating the 

active matrix type liquid crystal display devices according to Embodiment 39 

Embodiments 2 and 3. pjQ 40 sno ws a graph of relationship between drain 

Embodiment 36 current (ID) and gate voltage (VG) of the n-channel TFT 302 

T r, u a- * c 1 At n -u th^rp are disclosed examples fabricated by the process steps according to the Embodiment 

of t^Xracl SS' — 6 ££££ «ys- 1 (Hereinafter referred to as ID-VG curveyHG, « Jftjjj 

tallStfon is used, as the method of forming a crystalline 55 shows a graph of ^^^ n n ^ B ^S£ 

ment relates to «® ^ ™f re f B /, hv thermal crvstalK . or 14V Incidentally, the n-channel TFT has a channel length 

anTmereaftT a heat treatment step is carried out at a before a stress test and the dotted hues represent the char- 

"mperi ure or 600 to 650° C. for 15 to 24 hours. Namely. acteristic after the stress test. Thts graph proves that there is 

KS tat treatment at a temperature exceeding 65 little changes in the ID-VG curve before and after the stress 

oOO f £™toal nuclei are generated, whereby crystalliza- test and the degradation owtng to hot earners is restram<£ 

don proceeds! Incidentally; the stress test here is performed under the 
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condition that a source at OV, a drain at 20V and a gate Embodiment 43 

voltage at 4V are applied for 60 seconds at a room present invention can also be applied to an active 

temperature, in order to promote the degradation owing to matrix type EL (Electroluminescence) display (which is also 

the hot carriers. known as active matrix type EL display device). FIG. 31 

5 shows an example thereof. 

Embodiment 40 fIG 31 ghows & circuit diagram of the active matrix type 

FIGS. 41A and 41B show the differences in the electric EL display according to this Embodiment. The reference 

characteristics in case whether the process step shown in numeral 81 denotes a display region, and, in the periphery 

FIG. 15F (Embodiment 13) is performed. Incidentally, the thereof, an X-direction (source side) driving circuit 82 and 

electric characteristic in FIG. 41A shows a field effect 10 a Y-direction (gate side) driving circuit 83 are provided, 

mobility (p FE ) and that in FIG. 41B shows a sheet resistance Further, the pixels in the display region 81 each include a 

(£ s ) switching TFT 84, a capacitor 85, a current controlling TFT 

86, and an EL element 87, wherein, to the switching TFT 84, 

Embodiment 41 there are connected an X-direction signal line (source signal 

SXTiS'rzi:™S.S™ TF/. 4 .A-.«pp l v.-*.»d«» rr «c^ : 

possible to realize a semiconductor device having a three- In fabricating the active matrix type EL display according 

dimensional structure. Further, as the substrate, there can be , 0 to this Embodiment, the constitution according to any of 

used a SOI substrate such as SIMOX, Smart-Cut (registered Embodiments 1, 4 to 38 and 41 may be combined therewith, 

trademark of SOITEC Inc.) or ELTRAN (registered trade- Embodiment 44 

mark of Canon Inc.). This Embod { raent w flj be described with reference to an 

The constitution of this Embodiment can be free y com- example 0 f the case where an EL (electroluminescence) 

bined with the constitution of any of Embodiment 1 to 38. 2 5 display device is fabricated by the use of the present 

c ^A' m ~„t ao invention. FIG. 32 A is a top plan view of the EL display 

bmbodirnent 4Z accQrding tQ the inve ntion, and FIG. 32B is a 

For the liquid crystal of the liquid crystal display device sectional view thereof, 

fabricated according to the invention, various liquid crystal Referring to FIG. 32A, numeral 4001 denotes a substrate, 

materials can be used. As such materials, there can be 30 nume ral 4002 denotes a pixel portion, numeral 4003 denotes 

enumerated TO liquid crystal, PDLC (Polymer Dispersed a SO urce-side driving circuit, and numeral 4004 denotes a 

Liquid Crystal), FLC (Ferroelectric Liquid Crystal), AFLC gate-side driving circuit, wherein the respective driving 

(Antiferroelectric Liquid Crystal), and a mixture of FLC and circuits lead to an FPC (Flexible Printed Circuit) 4006 via a 

AFLC. wiring 4005 and is connected to an external apparatus. 

For example, there can be used the material disclosed in, i n this case, a first sealing member 4101, a cover member 

H. Fume et al.; Charakteristics and Driving Scheme of 4102, a filling member 4103 and a second sealing member 

Polymer-Stabilized Monostable FLCD Exhibiting Fast 4104 are provided in a state surrounding the pixel portion 

Response Time and High Contrast Ratio with Gray-Scale 4002, the source-side driving circuit 4003 and the gate-side 

Capability, SID, 1998, T. Yoshida et al.; A Full-Color ^ driving circuit 4004. 

Thresholdless Antiferroelectric LCD Exhibiting Wide View- Further, FIG. 32B corresponds to a sectional view taken 

ing Angle with Fast Response Time, 841, SID91DIGEST, along fa t i me ^-A' in FIG. 32 A, wherein, on the substrate 

1997, or U.S. Pat. No. 5,594,569. 4001, there are formed a driving TFT (Here, however, an 

Particularly, in case the thresholdless antiferroelectric n-channel type TFT and a p-channel type TFT are shown) 

LCD (abbreviated to TL-AFLC) is used, the operating 45 4201 included in the source side driving circuit 4003 and a 

voltage of the liquid crystal can be reduced to about ±2.5 V, current controlling TFT (a TFT for controlling the current to 

so that a power supply voltage of about 5 to 8 V is sufficient the EL element) 4202 included in the pixel portion 4002. 

in some cases. That is, it becomes possible to operate the t d this Embodiment, as the driving TFT 4201, there are 

driving circuits and the pixel portion with the same power U sed XFTs of the same structure as that of the p-channel type 

supply voltage, whereby the power consumption of the 5Q TFT 301 and the n-channel type TFT 30^ shown in FIG. 3C, 

whole liquid crystal display device can be reduced. a nd, as the current controlling TFTs 4202, there is used a 

Further, a ferroelectric liquid crystal or an anti- TFT of the same structure as that of the p-channel type TFT 
ferroelectric liquid crystal has the merit that its response 301 shown in FIG. 3C. Further, in the pixel portion 4002, 
speed is fast as compared with a TN liquid crystal. A there is provided a capacitance storage (not shown) con- 
crystalline TFT as used in the present invention can realize 55 nected to the gate of the current controlling TFT 4202. 
a TFT with a very fast operating speed, so that it becomes On the driving TFT 4201 and the pixel TFT 4202, there 
possible to realize a liquid crystal display device with a fast is formed an interlayer dielectric film (plana rization film) 
image response speed in which the fastness in response 4301 composed of a resin material, and, formed on this 
speed of a ferroelectric liquid crystal or an antiferroelectric interlayer dielectric film 4301 is a pixel electrode (anode) 
liquid crystal is sufficiently utilized. 60 4302 which is electrically connected to the drain of the pixel 

It is a matter of course that the liquid crystal display TFT 4202. As the pixel electrode 4302, a transparent con- 
device according to this Embodiment can be effectively used ductive film which has a large work function is used. As the 
as the display portion of an electric appliance such as a transparent conductive film, a compound of indium oxide 
personal computer. and tin oxide or a compound of indium oxide and zinc oxide 

Further, the constitution of this Embodiment can be freely 65 can be used, 

combined with the constitution of any of Embodiments 1 to Further, on the pixel electrode 4302, there is formed an 

38 and 41. insulation film 4303, which has an opening formed on the 
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pixel electrode 4302. In this opening, an EL 
(electroluminescence) layer 4304 is formed on the pixel 
electrode 4302. As the material of the EL layer 4304, a 
known organic EL material or inorganic EL material can be 
used. Further, as organic EL materials, there are a low 5 
molecular (monomer) material and a high molecular 
(polymer) material, but either one can be used. 

As the method of forming the EL layer 4304, the known 
evaporation technique or application technique may be used. 
Further, as for the structure of the EL layer, a hole injection 1Q 
layer, a hole transport layer, a light emitting layer, an 
electron transport layer or an electron injection layer may be 
freely combined into a stacked layer structure or a single- 
layer structure. 

Formed on the EL layer 4304 is a cathode 4305 compris- J5 
ing a conductive film with light screening properties 
(typically, a conductive film composed mainly of aluminum, 
copper or silver or a stacked layer film comprising such film 
and another conductive film). Further, the water content and 
oxygen existing in the interface between the cathode 4305 
and the EL layer 4304 should desirably be removed as much 
as possible. Accordingly, it is necessary to take a suitable 
measure such as the measure of continuously forming the El 
layer 4304 and the cathode 4305 in vacuum or the measure 
of forming the EL layer 4304 in a nitrogen or rare gas 
atmosphere and forming the cathode 4305 in a state kept * 
from being touched by oxygen or water content. In this 
Embodiment, the above-mentioned film formation is made 
possible by the use of a multi-chamber type (cluster tool 
type) deposition apparatus. 30 

The cathode 4305 is then electrically connected to the 
wiring 4005, in a region indicated by numeral 4306. The 
wiring 4005 is a wiring for applying a predetermined voltage 
to the cathode 4305 and electrically connected to the FPC 
4006 through an anisotropic conductive film 4307. 35 

In this way, an EL element comprised of the pixel 
electrode (anode) 4302, the EL layer 4304 and the cathode 
4305 is formed. This EL element is surrounded by the first 
sealing member 4101 and the cover member 4102 bonded to 
the substrate 4001 by the first sealing member 4101 and is 4Q 
enclosed by a filling material 4103. 

As the cover member 4102, a glass plate, a metal plate 
(generally a stainless steel plate), a ceramics plate, an FRP 
(Fiberglass-Reinforced Plastics) plate, a PVF (Polyvinyl 
Fluoride) film, a Mylar film, a polyester film or an acrylic 45 
film can be used. Further, there can also be used a sheet 
constituted in such a manner that an aluminum foil is 
sandwiched between PVF films or Mylar films. 

However, in case the direction of the light radiated from 
the EL element faces the cover member side, the cover so 
member must be made transparent. In this case, a transparent 
substance film such as a glass plate, a plastics plate, a 
polyester film or an acrylic film is used. 

Further, as the filling material 4103, an ultraviolet- curing 
resin or a thermosetting resin can be used; PVC (polyvinyl 55 
chloride), acrylic, polyimide, epoxy resin, silicone resin, 
PVB (polyvinyl butyral) or EVA (ethylene vinyl acetate) can 
be used. In case a moisture absorbing substance (preferably 
barium oxide) is provided within this filling material 4103, 
the deterioration of the EL element can be suppressed. 60 

Further, a spacer may be incorporated within the filling 
member 4103. In this case, if the spacer is formed of barium 
oxide, then it is possible to provide the spacer itself with 
moisture absorbing properties. Further, in case the spacer is 
provided, it is effective to provide a resin film on the cathode 65 
4305 as a buffer layer for alleviating the pressure from the 
spacer. 
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Further, the wiring 4005 is electrically connected to the 
FPC 4006 through the anisotropic conductive film 4307. The 
wiring 4005 conducts to the FPC 4006 the signals sent to the 
pixel portion 4002, the source side driving circuit 4003 and 
the gate side driving circuit 4004 and is electrically con- 
nected to an external apparatus by the FPC 4006. 

Further, in this Embodiment, the second sealing member 
4104 is provided so as to cover the exposed portion of the 
first sealing member 4101 and a portion of the FPC 4006, 
whereby the EL element is thoroughly shut off from the 
outside air, thus constituting an EL display device having the 
sectional structure shown in FIG. 32B. The EL display 
device according to this Embodiment may be fabricated in 
combination with the constitution according to any of 
Embodiments 1, 4 to 38 and 41. • 

Here, FIG. 33 shows a further detailed sectional structure 
of the pixel portion, FIG. 34A shows the upper surface 
structure thereof, and FIG. 34B shows a circuit diagram 
thereof. In FIG. 33, FIG. 34A and FIG. 34B, common 
reference numerals are used, so that they may be referred to 
by one another. 

Referring to FIG. 33, a switching TFT 4402 provided on 
a substrate 4401 is formed by the use of the n-channel type 
TFT 304 shown in FIG. 3C. Therefore, as the description of 
the structure, the description of the n-channel type TFT 304 
can be referred to. Further, the wiring indicated by numeral 
4403 is a gate wiring which electrically connects the gate 
electrodes 4404a, 44046 of the switching TFT 4402. 

In this Embodiment, the double gate structure in which 
two channel forming regions are formed is employed, but it 
may alternatively be the single gate structure in which one 
channel forming region is formed or the triple gate structure 
in which three channel forming regions are formed. 

Further, a drain wiring 4405 of the switching TFT 4402 is 
electrically connected to a gate electrode 4407 of a current 
controlling TFT 4406. The current controlling TFT 4406 is 
formed by the use of the p-channel type TFT 301 shown in 
FIG. 3C Therefore, as the description of the structure, the 
description of the p-channel type TFT 301 can be referred to. 
In this Embodiment, the single gate structure is employed, 
but the double gate structure or the triple gate structure may 
alternatively be employed. 

On the switching TFT 4402 and the current controlling 
TFT 4406, there is provided a first passivation film 4408, on 
which a planarization film 4409 composed of a resin is 
formed. It is very important to planarize, by the use of the 
planarization film 4409, the steps resulting from the TFTs. 
Since the EL layer which will be formed later is very thin, 
so that, due to the existence of such steps, defective light 
emission is caused in some cases. Therefore, it is desirable 
to perform planarization, before the formation of the pixel 
electrode, so that the EL layer can be formed as flat as 
possible. 

Further, numeral 4410 denotes a pixel electrode (the 
anode of the EL element) comprising a transparent conduc- 
tive film, and this pixel electrode 4410 is electrically con- 
nected to a drain wiring 4411 of the current controlling TFT 
4406. As the pixel electrode 4410, there can be used a 
conductive film composed of a compound of indium oxide 
and tin oxide or a compound of indium oxide and zinc oxide. 

On the pixel electrode 4410, an EL layer 4412 is formed. 
In case of FIG. 33, only one pixel is shown, but, in this 
Embodiment, EL layers corresponding to the respective 
colors, R (red), G (green) and B (blue), are made distinctly. 
Further, in this Embodiment, the EL layer 4412 is formed of 
a low-mblccular organic EL material by the evaporation 
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method. More specifically, there is employed the stacked 
layer structure constituted in such a manner that, as a hole 
injection layer, a copper phthalocyanine (CuPc) film is 
provided to a thickness of 20 nm, and, on this film, a 
tris-8-quinolinolato aluminum complex (Alq3) film is pro- s 
vided. By adding fluorescent dyes to the Alq3, the color of 
emitted light can be controlled. 

However, what is stated above is an example of the 
organic EL materials which can be used for the EL layer, and 
therefore, this Embodiment need not be limited to the ™ 
above-mentioned example at all. The EL layer (a layer for 
effecting light emission and the migration of the carriers 
therefor) may be formed by freely combining the light 
emitting layer, the charge transport layer or the charge 
injection layer. For example, in this Embodiment, an ^ 
example of the case where a low-molecular organic EL 
material is used as the material of the EL layer is set forth, 
but a high-molecular organic EL material may be used 
instead. Further, as the material of the charge transport layer 
or the charge injection layer, an inorganic material such as 20 
silicon carbide can also be used. As these organic and 
inorganic EL materials, known materials can be used. 

Next, on the EL layer 4412, a cathode 4413 comprising^ 
light-screening conductive film is provided. In case of this 
Embodiment, an aUoy film consisting of aluminum and 
lithium is used as .the light-screening conductive film. Of 
course, a known MgAg film (an alloy film consisting of 
magnesium and silver) may be used instead. As the cathode 
material, there is used a conductive film composed of 
elements belonging to the group I or II of the periodic table 
or a conductive film to which these elements are added. 

At the point of time when this cathode 4413 is formed, the 
EL element 4414 is completed. By the EL element 4414 
mentioned here, the capacitor formed of the pixel electrode ^ 
(anode) 4410, the El layer 4412 and the cathode 4413 is 
referred to. 

Next, the upper surface structure of the pixel according to 
' this Embodiment will be described by referring to FIG. 34A. 
The source of the switching TFT 4402 is connected to a ^ 
source wiring 4415, and the drain thereof is connected to the 
drain wiring 4405. Further, the drain wiring 4405 is elec- 
trically connected to the gate electrode 4407 of the current 
controlling TFT 4406. The source of the current controlling 
TFT 4406 is electrically connected to a current supply line 45 
4416, and the drain thereof is electrically connected to a 
drain wiring 4417. The drain wiring 4417 is electrically 
connected to a pixel electrode (anode) 4418 indicated by a 
dotted line. 

In this case, in the region indicated by numeral 4419, a 50 
capacitance storage is formed. The capacitance storage 4419 
is formed among a semiconductor film 4420 electrically 
connected to the current supply line 4416, an insulation film 
(not shown) which is the same layer constituting the gate 
insulating film, and the gate electrode 4407. Further, the S5 
capacitance constituted by the gate electrode 4407, the same 
layer (not shown) as the first interlayer dielectric film, and 
the current supply wiring 4416 can be also used as a 
capacitance storage. 

In case the EL display device according to this Embodi- 60 
ment is fabricated, it can be practiced in free combination 
with the constitutions according to Embodiments 1, 4 to 38 
and 41. 

Embodiment 45 65 

This Embodiment wjll be described with reference to an 
EL display device which has a pixel structure different from 
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that of Embodiment 44. For the description of this 
Embodiment, FIG. 35 will be used. Concerning the portions 
to which the same reference numerals are used as those used 
in FIG. 33, the description of Embodiment 44 can be 
referred to. 

In case of the structure shown in FIG. 35, a TFT having 
the same structure as the n-channel type TFT 302 shown in 
FIG. 3C is used as a current controlling TFT 4501. Of 
course, a gate electrode 4502 of the current controlling ITT 
4501 is connected to the drain wiring 4405 of the switching 
TFT 4402. Further, the drain wiring 4503 of the current 
controlling TFT 4501 is electrically connected to a pixel 
electrode 4504. 

In this Embodiment, the pixel electrode 4504 functions as 
the cathode of the EL element and is formed by the use of 
a light-screening conductive film. More specifically, an alloy 
film consisting of aluminum and lithium is used, but a 
conductive film composed of elements belonging to the 
group I or II of the periodic table or a conductive film to 
which these elements are added may be used. 

On the pixel electrode 4504, an EL layer 4505 is formed. 
In FIG. 35, only one pixel is shown, but, according to this 
Embodiment, an EL layer corresponding to G (green) is 
formed by the evaporation method and the application 
method (preferably, the spin coating method). More 
specifically, there is formed a stacked layer structure con- 
stituted in such a manner that a lithium fluoride (LiF) film 
with a thickness of 20 nm is provided as an electron injection 
layer, on which a PPV (polyp aralphenylene vinylene) film 
with a thickness of 70 nm is provided as a light emitting 
layer. 

Next, on the EL layer 4505, an anode 4506 comprising a 
transparent conductive film is provided. In case of this 
Embodiment, as the transparent conductive film, there is 
used a conductive film comprising a compound of indium 
oxide and tin oxide or a compound of indium oxide and zinc 
oxide. 

At the point of time when this anode 4506 is formed, an 
EL element 4507 is competed. By the EL element 4507 
mentioned here, the capacitor formed of the pixel electrode 
(cathode) 4504, the EL layer 4505 and the anode 4506 is 

referred to. 

In this case, the fact that the current controlling TFT 4501 
is of the structure according to the present inven tion has a 
very important meaning. The current controlling TFT 4501 
is an element for controlling the quantity of current flowing 
through the EL element 4507, so that much current flows 
through the current controlling TFT 4501; and therefore, the 
current controlling TFT 4501 is also an element which is 
exposed to the high danger of its being deteriorated due to 
heat or hot carriers. Therefore, the structure according to the 
present invention in which, at the drain side of the current 
controlling TFT 4501, an LDD region 4509 is provided so 
as to overlap the gate electrode 4502 through a gate insu- 
lating film 4508, is very effective. 

Further, the current controlling TFT 4501 according to 
this Embodiment is constituted in such, a manner that a 
parasitic capacitance called gate capacitance is formed 
between the gate electrode 4502 and the LDD region 4509. 
By adjusting this gate capacitance, a function equal to the 
capacitance storage 4418 shown in FIGS. 34A and 34B can 
be provided. Particularly, in case the EL display device is 
operated in accordance with the digital driving method, the 
capacitance of the capacitance storage can be smaller than in 
case the EL display device is operated in accordance with the 
analog driving method, so that the capacitance storage can 
be substituted by the gate capacitance. 
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In case of fabricating the EL display device according to 
this Embodiment, it can be practiced in free combination 
with the constitution according to Embodiments 1, 4 to 38 
and 41. 

Embodiment 46 

This Embodiment relates to examples of the pixel struc- 
ture which can be applied to the pixel portion of the EL 
display device according to Embodiment 44 or 45; these 
examples are shown in FIGS. 36A to 36C, In this 10 
Embodiment, numeral 4601 denotes the source wiring of a 
switching TFT 4602, numeral 4603 denotes the gate wiring 
of the switching TFT 4602, numeral 4604 denotes & current 
controlling TFT, numeral 4605 denotes a capacitor, numer- 
als 4606 and 4608 denote current supply lines, and numeral ]S 
4607 denotes an EL element. 

FIG. 36A shows an example of the case where the current 
supply line 4606 is commonly used between two pixels. 
That is, the feature of this example lies in the point that the 
two pixels are formed so as to become line -symmetrical with 20 
reference to the current supply line 4606. In this case, the 
number of power supply lines can be reduced, so that the 
pixel portion can be made more minute and precise. 

Further, FIG. 36B shows an example of the case where the 
current supply line 4608 is provided in parallel to the gate 25 
wiring 4603. In the structure shown in FIG. 3613, the current 
supply line 4608 and the gate wiring 4604 are provided so 
as not to overlap each other, but if they are wirings formed 
on different layers, then they can be provided so as to 
overlap each other through an insulation film. In this case, 30 
the occupied area can be used jointly by the power supply 
line 4608 and the gate wiring 4603, so that the pixel portion 
can be made further minute and precise. 

The feature of the structure shown in FIG. 36C lies in the 
point that, as in case of the structure shown in FIG. 36B, the 35 
current supply line 4608 is provided in parallel to gate 
wirings 4603, and further, two pixels are formed so as to 
become line-symmetrical with reference to the current sup- 
ply line 4608. Further, it is also effective to provide the 
current supply line 4608 so as to overlap one of the gate 40 
wirings 4603. In this case, the number of the power supply 
lines can be reduced, so that the pixel portion can be made 
further minute and precise. 

Embodiment 47 45 

The electro-optical device and the semiconductor circuit 
according to the present invention can be used as the display 
portion and the signal processing circuit of an electric 
appliance. As such electric appliances, there can be enumer- 
ated a video camera, a digital camera, a projector, a projee- 50 
tion TV, a goggle type display (head mount display), a 
navigation system, a sound reproducing apparatus, a note 
type personal computer, a game apparatus, a portable infor- 
mation terminal equipment (a mobile computer, a portable 
t telephone, a portable type game machine or an electronic 55 
book) and an image reproducing apparatus with a recording 
medium. FIG. 37 to FIG. 39 show concrete examples of 
these electric appliances. 

FIG. 37A shows a portable telephone, which is comprised 
of a main body 2001, a voice output portion 2002, a voice 60 
input portion 2003, a display portion 2004, operation 
switches 2005 and an antenna 2006. The electro-optical 
device according to the present invention can be used in the 
display portion 2004, while the semiconductor circuit 
according to the invention can be used in the voice output 65 
portion 2002, the voice input portion 2003, the CPU or the 
memory. 



,694 Bl 

50 

FIG. 37B shows a video camera, which is comprised of a 
main body 2101, a display portion 2102, a voice input 
portion 2103, operation switches 2104, a battery 2105, and 
an image receiving portion 2106. The electro-optical device 
according to the present invention can be used in the display 
portion 2102, while the semiconductor circuit according to 
the invention can be used in the voice input portion 2103, the 
CPU or the memory. 

FIG. 37 C shows a mobile computer, which is comprised 
of a main body 2201, a camera portion 2202, an image 
receiving portion 2203, an operation switch 2204 and a 
display portion 2205. The electro-optical device according 
to the invention can be used in the display portion 2205, 
while the semiconductor device according to the invention 
can be used in the CPU or the memory. 

FIG. 37D shows a goggle type display, which is com- 
prised of a main body 2301, display portions 2302, and arm 
portions 2303. The electro -optical device according to the 
invention can be used in the display portions 2302, while the 
semiconductor circuit according to the invention can be used 
in the CPU or the memory. 

FIG. 37E shows a rear projector (projection TV), which is 
comprised of a main body 2401, a light source 2402, a liquid 
crystal display device 2403, a polarization beam splitter 
2404, reflectors 2405, 2406, and a screen 2407. The inven- 
tion can be used in the liquid crystal display device 2403, 
while the semiconductor circuit according to the invention 
can be used in the CPU and the memory. 

FIG. 37F shows a front projector, which is comprised of 
a main body 2501, a light source 2502, a liquid crystal 
display device 2503 and an optical system 2504 and a screen 
2505. The invention can be used in the liquid crystal display 
device 2503, while the semiconductor circuit according to 
the invention can be used in the CPU and the memory. 

FIG, 38A shows a personal computer, which includes a 
main body 2601, an image input portion 2602, a display 
portion 2603, a keyboard 2604, etc. The electro-optical 
device according to the invention can be used in the display 
portion 2603, while, the semiconductor device according to 
the invention can be used in the CPU and the memory. 

FIG. 38B shows an electronic play apparatus (game 
apparatus), which includes a main body 2701, a recording 
medium 2702, a display portion 2703 and a controller 2704. 
The voice and image outputted from this electronic game 
apparatus are reproduced by a display including a casing 
2705 and a display portion 2706. As the means for- 
communication between the controller 2704 and the main 
body 2701 or the means for communication between the 
electronic play apparatus and the display, wire 
communication, radio communication or optical communi- 
cation can be used. This Embodiment is constituted in such 
a manner that infrared rays are sensed by sensor portions 
2707 and 2708. The electro-optical device according to the 
invention can be used in the display portions 2703 and 2706, 
while the semiconductor device according to the invention 
can be used in the CPU and the memory. 

FIG. 38C shows a player (image reproducing apparatus) 
using a recording medium (hereinafter referred to merely as 
recording medium) on which a program is recorded; this 
player includes a main body 2801, a display portion 2802, a 
loudspeaker portion 2803, a recording medium 2804 and an 
operation switch 2805. Further, in this image reproducing 
apparatus, a DVD (Digital Versatile Disc), a CD or the like 
is used as . the recording medium, and, through this 
apparatus, music and movies can be appreciated, games can 
be played, and internet communication can be performed. 
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The electro-optical device according to the present invention 
can be used in the display portion 2802, the CPU and the 
memory. . . 

FIG 38D shows a digital camera, which includes a main 
body 2901, a display portion 2902, an eye-piece portion 
2903 operation witches 2904, and an image receiving 
portion (not shown). The electro-optical device according to 
the invention can be used in the display portion 2902, the 
CPU and the memory. 

FIGS 39 show in detail an optical engine which can be 
used in the rear projector shown in FIG. 37E and the front 
projector shown in FIG. 37F FIG. 39A shows ^ 
engine, and FIG. 39B shows the optical system of the light 
source built in the optical engine. 

The optical engine shown in FIG. 39A includes a light 
source optical system 3001, mirrors 3002 3005 to 3007, 
dichroic mirrors 3003, 3004, optical lenses 3008a to 3008c, 
a prism 3011, a liquid crystal display device 3010, and a 
projection optical system 3012. The projection optical sys- 
tem 3012 is an optical system comprising a projection lens 
As this Embodiment, a three-plate type using three liquid 
crystal display devices 3010 is shown by way of example, 
but a single plate type may also be used. Further, m the 
optical path indicated by arrows in FIG. 39A, there may be 
provided an optical lens, a film having a polarizing function, 
a film for adjusting the phase difference or an IR film. 

Further, as shown in FIG. 39B, the light source optical 
system 3001 includes light sources 3013 and 3014, a com- 
plex prism 3015, collimator lenses 3016 and 3020, lens 
arrays 3017 and 3018, and a polarization conversion clement 
3019. In the light source optical system shown in FIG. 39B, 
two light sources are used, but one light source or three or 
more light sources may be provided. Further, somewhere of 
the light source optical system, an optical lens, a film having 
a polarizing function, a film for adjusting the phase differ- 
ence or an IR film may be provided. 

As mentioned above, the range of application of the 
present invention is very wide; and the invention can be 
applied to electric appliances in every field. Further, the 
electric appliance according to this Embodiment can be 
realized by using a constitution comprising any combination 
of Embodiments 1 to 38 and 41 to 46. 

By the use of the present invention, it becomes possible 
to dispose, on a substrate, a circuit with an appropriate 
function in accordance with the specifications required by 
the circuit; and thus, the operating performance and the 
reliability of semiconductor devices could be enhanced to 
substantial degree. 

Further, in an active matrix type liquid crystal device or 
the pixel portion of an electronic device of which an active 
matrix type EL display device is representative, a storage 
capacitor which has a smalt area yet a large capacity can be 
formed. Therefore, even in case of an electronic device in 
which the diagonal of the pixel portion is 1 inch or less, it 
becomes possible to secure a sufHcient storage capacitor ss 
without lowering the aperture ratio. 

Further, the operating performance and reliability of an 
electric appliance which has such an electronic device as its 
display portion could be enhanced. 
What is claimed is: 

1. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 
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introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

introducing a n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-channei type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

2. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-typc impurity regions (b) are formed, 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semiconductor film to from active layers 

of said n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

3. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 
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patterning said semiconductor film to form active layers 

of n-channcl type TFTs and p-channel type TFTs, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs forming said driving 

circuits to form n-type impurity regions (b), 
introducing a p-type impurity element to said active layers 

of said n-channel type TFTs forming said driving 

circuit to form p-type impurity regions (b), 
subjecting said active layers to a second optical annealing, 
forming a gate insulating film on the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layer 

of said p-channel type TFT to form a p-type impurity 

regions (a). 

4. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

patterning semiconductor film to form active layers of 
n-channel type TFTs and p-channel type TFTs, 

introducing a p-type impurity element to said active layers 
of said n-channel type TFTs forming said driving 
circuits, whereby p-typc impurity regions (b) are 
formed, 

introducing an n-type impurity element to said active 
layers of said n-channel type TFTs forming said driving 
circuits, whereby n-type impurity regions (b) are 
formed, 

subjecting said active layers to a second optical annealing, 
forming a gate insulating film on the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an u-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

5. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 60 

structure over said substrate, 
introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
the fourth step of subjecting, to a first optical annealing, 

said semiconductor film, 
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introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semiconductor film to form active layers 

of n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channcl type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layer 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

6. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing an n-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity region (b) are formed, 
subjecting said semiconductor film to a first optical 

annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute said 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

7. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-lype impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFT forming said driving circuits, whereby p-type 

impurity regions (b) are formed, 
introducing an n-type impurity element to regions of said 

semiconductor film which arc to constitute n-channel 
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type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) arc formed, 
subjecting said semiconductor to a first optical annealing, 
patterning said semiconductor to form active layers of 

said n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel TFTs to form n-type impurity 

regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

8. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a same 
substrate, comprising; 

forming a semiconductor film containing a crystalline 
structure over said substrate, 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
■ n-type impurity regions (b) are formed, 

introducing a p-type impurity element to those regions of 30 
said semiconductor film which are to constitute 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 

subjecting said semiconductor film to a first optical 
annealing, 

patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c),* 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-typc 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

9. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing an amorphous 

structure over said substrate, 
introducing an p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
introducing an n-type impurity clement to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
forming a crystalline semiconductor film by crystallizing 

said semiconductor film, 
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subjecting said crystalline semiconductor film to a first 

optical annealing, 
patterning said crystalline semiconductor film to form 

active layers of n-channel type TFTs and p-channel 

type TFTs, 

forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

10. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing an amorphous 
structure over said substrate, 

introducing an n-type impurity element to regions of said 
amorphous structure containing semiconductor film 
which are to constitute n-channel type TFTs forming 
said driving circuits, whereby n-lype impurity regions 
(b) are formed, 

introducing a p-type impurity element to those regions of 
said semiconductor film which are to constitute 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 

forming a crystalline semiconductor film by crystallizing 
said semiconductor film, 

subjecting said crystalline semiconductor film to a first 
optical annealing, 

patterning said crystalline semiconductor film to form 
active layers of said n-channel type TFTs and p-channel 
type TFTs, 

forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings, 

introducing n-type impurity element to said active layers 

of said n-channel type TFTs to form n-type impurity 

regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

11. Aproccss of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-typc impurity regions (b) arc formed, 
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patterning said semiconductor film in to form active 

layers of said n-channel TFTs and p-channel TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-typc impurity regions (b) are formed, 
subjecting said active layers to a second annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to rorm 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). . 
12 A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 
annealing, 

patterning said semiconductor film to form active layers 

of n-channel TFTs and p-channel TFTs, 
introducing a p-type impurity element to said active layers 

of said n-channel type TFTs forming said driving 

circuits, whereby p-type impurity regions (b) are 

formed, 

forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel-type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). . 
13. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substratei comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-type impurity clement to regions of said 60 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
subjecting said semiconductor film to a first optical 

annealing, 

patterning said semiconductor film to form active layers 
of said n-channel type TFTfe and p-channel type TFTs, 
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forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 
insulating film to said active layers of the n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and 
introducing a p-type impurity element to said active layers 
of said p-channel TFTs to form p-type impurity regions 
(a). 

14. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 
patterning said semiconductor film to form active layers 

of said n-channel TFTs and p-channel TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 
insulating film to said active layers of said n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 
subjecting said active layers to a first optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and 
introducing a p-type impurity element to said active layers 
of said p-channel type TFTs to form p-type impurity 
regions (a). 

15. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 
forming a semiconductor film containing an amorphous 

structure over said substrate, 
introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 
forming a crystalline semiconductor film by crystallizing 

said semiconductor film, 
subjecting said crystalline semiconductor film to a first 

optical annealing, 
patterning said crystalline semiconductor' film to form 
active layers of said n-channel type TFTs and p-channel 
typo TFTs, 
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forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-cnannel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 10 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type « 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). t . 2 o 

16. A process of fabricating a semiconductor device 
which includes a pixel portion arid driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 2 s 
subjecting said semiconductor film to a first optical 
annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 30 
p-type impurity regions (b) are formed, 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute the 
n-channel type TFTs forming said driving circuits, 
whereby n-type impurity regions (b) are formed, 35 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-channel type TFTs, ^ 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
etching said gate insulating film by the using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 45 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a), 

forming an insulation film covering said gate wirings, and 
introducing an n-type impurity element by using said gate 

wirings as a mask to form n-type impurity regions (c). 
17. A process of fabricating a semiconductor device ^ 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 6Q 

annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute said 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 55 

patterning said semiconductor film to form active layers 
of said n-channcl type TFTs and p-channel type TFTs, 



forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), 
introducing a p-type impurity element to said active layers 

of said p-channei type TFTs to form p-type impurity 

regions (a), 

forming an insulation film, covering said gate wirings, 
and 

introducing an n-type impurity element to said active 
layers through said insulation film by using said gate 
wirings as a mask to form n-type impurity regions (c). 

18. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

patterning said semiconductor film to form active layers 

of n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element, through said gate 
insulating gate insulating film, to said active layers of 
said n-channel type TFTs forming said driving circuits 
to form n-type impurity regions (b), 
introducing a p-type impurity element, through said gate 
insulating film, to said active layers of said n-channel 
type TFTs forming said driving circuit to form p-type 
impurity regions (b), 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 
layers of said n-channel type TFJfe to form n-type 
impurity regions (a), and introducing a p-type impurity 
element to said active layer of said p-channel type TFT 
to form a p-type impurity regions (a). 

19. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over the substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTs and p-channei type TFTs, 
forming a gate insulating film on said active layers, 
introducing a p-type impurity element, through said gate 
insulating film, to said active layers of said n-channel 
type TKft forming said driving circuit to form p-type 
impurity regions (b), 
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introducing an n-type impurity element, through said gate and the energy density of said second optical annealing is 

insulating gate insulating film, to said active layers of 100 to 300 mJ/cm 2 . 

said n-channel type TFTs forming said driving circuits 26. The process of fabricating a semiconductor device 

to form n-type impurity regions (b), according to any one of claims 1 to 8 or claims 11 to 14, or 

subjecting said active layers to a second optical annealing J claims 18 to 19, wherein said first optical annealing is 

through said gate insulating film, performed for .mprovmg the crystalhnity of said sermcon- 

s & . , . . ductor film or for promoting the crystallization of said 

forming gate wmngs on said gate insulating film, semiconductor film. 

introducing an n-type impurity element to said active 2? The process of fabricating a semiconductor device 
layers by using said gate wirings as a mask to form 1Q according to any one of claims 9> 10 and wherein said 
n-type impurity regions (c), first opt j ca i annealing is a step for crystallizing said semi- 
etching said gate insulating film by using said gate conductor film containing the amorphous structure. 

wirings as a mask, 28. The process of fabricating a semiconductor device 

introducing an n-type impurity element to said active according to any one of claims 1 to 19, wherein said second 

layers of said n-channcl type TFTs to form n-type 15 optical annealing is performed for activating said n-type or 

impurity regions (a), and p-type impurity element introduced to said semiconductor 

introducing a p-type impurity element to said active layer film, 

of said p-channel type TFT to form a p-type impurity 29. The process of fabricating a semiconductor device 

regions (a), according to any one of claims 1 to 19, wherein, in said 

20. The process of fabricating a semiconductor device 20 driving circuits, a portion or all of each of said n-type 
according to any one of claims 1 to 19, impurity regions (b) formed in said n-channel type TFTs is 

wherein said n-type impurity regions (a) contains said formed so as to overlap said gate wiring of said n-channel 

n-type impurity element at a concentration of IxlO 20 to type TFTs, and, 

lxlO 21 atoms/cm 3 , wherein in said pixel portion, said n-type impurity regions 

wherein said n-type impurity regions (b) contains said 25 (c) formed in said pixel TFTs are formed so as not to 

n-type impurity element at a concentration of 2xl0 16 to overlap said gate wiring of said pixel TFTs. 

5xl0 19 atoms/cm3 and 30. The process of fabricating a semiconductor device 

wherein said n-type 'impurity regions (c) contains said according to claim 29, wherein said n-type impurity element 

n-type impurity element at a concentration of 1x10" to » introduced to said n-type unpunty regions (b) at a con- 

5xl0 is atoms/cm 3 centration higher than that of said n-type tmpunty regions 

21. The process of fabricating a semiconductor deice ( c ); . . . 
according to anyone of claims 1 to 19, 31. The process of fabneatmg a semiconductor device 

f . / . . /x 4 • > A according to claims to any one of claims 1 to 19, wherein 

wherein said p-type impurity regions (a) contains said ^ ^ icoxiduclQX dev 4 is an eIec tro-optical device 

P ; 1 ^ S PUn l y ^S*? 18 ? r / " C0DCeDtratl0n 35 selected form the group consisting of an active matrix liquid 

of 3xl(P to 3xl(P atoms/cm3, and crystal ^ A ^ ^ {vQ matrix electrohimines _ 

wherein said p-type impurity regions (b) contains said cence displaVt 

p-type impurity element at a concentration of 1 xl 0 to 32 ^ e p rocess Q f fabricating a semiconductor device 

lxlO 18 atoms/cm 3 . according to claim 31, wherein said display device in 

22. The process of fabricating a semiconductor device 40 i nsta u e d into an electronic apparatus selected form the group 
according to any one of claims 1 to 19, consisting of a portable telephone, a video camera, a mobile 

wherein said n-type impurity element is introduced in computer, a goggle type display, a rear projector, a front 

such a manner that the resistance values of said n-type projector, a personal computer, an electronic play apparatus, 

impurity regions (a), (b) and (c) are made greater in the an i ma ge reproducing apparatus, and a digital camera, 

order of said n-type impurity regions (a)<said n-type 45 33. A process of fabricating a semiconductor device 

impurity regions (b)<said n-type impurity regions (c), which includes a pixel portion and driving circuits over a 

and substrate, comprising; 

■ wherein said p-type impurity element is introduced in forming a semiconductor film containing a crystalline 

such a manner that the resistance values of said p-type structure over said substrate, 

impurity regions (a), (b) are made greater in the order 50 su bj e cting said semiconductor film to an optical 

of said p-type impurity regions (a)<said p-type mipu- annealing, 

rity regions (b). . . * • introducing a p-type impurity element to regions of said 

23. The process of fabricating a semiconductor device - Mmicondllctor film which are to constitute n-channel 
according to any one of claims 1 to 19, wherein the TFTs forming said driving circuits, whereby 
concentration of said n-type impurity element contained in 55 impurity regions (b) are formed, 

said n-type impurity regions (c) is to Mo times as ; h<gt .as introduci a n _ t ira rit element t0 rcgions of ^ 

that of said n-type impurity element contained m saia n-iype semiconductor film which are to constitute n-channel 

im !? ri S regi0ns(), rfu ■ *■ ■ a t A.*-** tv P c TFTs forming said driving circuits, whereby 

24 The process of abneating a semiconductor device W ^ * 

according to any one of claims 1 to 19, wherein a concen- 60 

r j *, - 0 i SIT ,pnt ^nt.inpH i n c^ri patterning said semiconductor film to form active layers 

tration of said n-type impurity element contained in said 1 » u- - 1 ♦ — ttt 

• /\'/c tn m *e « that of said D-channel type TF Is and p-channel type TFTs, 

n-type impurity regions (c) is 5 to 10 times as nign as that .«.„, . , . , 

of said p-type impurity element contained in said p-type forming a gate insulating film on said active layers, 

impurity regions (b). forming gate wirings on said gate insulating film, 

25. The process of fabricating a' semiconductor device 65 introducing an n-type impurity element to said active 

according to' any one of claims 1 to 19, wherein an energy layers by using said gate wirings as a mask to form 

density of said first optical annealing is 250 to 500 mJ/cm 2 , n-type impurity regions (c), 
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etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). t 
34 A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical ]5 

annealing, 

introducing an n-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 20 
introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute n-channcl 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
patterning said semiconductor film to from active layers 

of said n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 4Q 

regions (a). . 
35 A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
. substrate, comprising; 

forming a semiconductor film containing a crystalline 45 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 

patterning said semiconductor film to form active layers 

of n-channel type TFTs and p-channel type TFTs, sc 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs forming said driving 

circuits to form n-type impurity regions (b), 
introducing a p-type impurity element to said active layers 

of said n-channel type TFTs forming said driving 

circuit to form p-type impurity regions (b), 
forming a gate insulating film on the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 65 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 



30 



35 



55 



60 



introducing a p-type impurity element to said active layer 
of said p-channel type TFT to form a p-typc impurity 
regions (a). 

36. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 
annealing, 

patterning semiconductor film to form active layers of 

n-channel type TFTs and p-channel type TFTs, 
introducing a p-type impurity element to said active layers 
of said n-channel type TFTs forming said driving 
circuits, whereby p-type impurity regions (b) are 
formed, 

introducing an n-type impurity element to said active 
layers of said n-channel type TFTs forming said driving 
circuits, whereby n-type impurity regions (b) are 
formed, 

forming a gate insulating film on the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and 
introducing a p-type impurity element to said active layers 
of said p-channel type TFTs to form p-type impurity 
regions (a). 

37. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 
the fourth step of subjecting, to an optical annealing, said 

semiconductor film, 
introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-typc impurity regions (b) arc formed, 
palterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-typc impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), arid 
introducing a p-type impurity element to said active layer 
. of said p-channel type TFTs to form p-type impurity 
regions (a). 
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38 A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 
forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing an n-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity region (b) are formed, 
subjecting said semiconductor film to an optical 

annealing, 

introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute said 

n-channel type TFTs forming said driving circuits, 

whereby p-type impurity regions (b) are formed, 
patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-channel type TFTs,, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a)i and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

39. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

patterning said semiconductor film in to form active 
layers of said n-channel TF Is and p-channel TFTs, 

forming a gate insulating film on said active layers, 

introducing an n-type impurity element through said gate 
insulating film to said active layers of said n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 

forming gate wirings on said gate insulating film, 

introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 

etching said gate insulating film by using said gate 
wirings as a mask, 

introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and 

introducing a p-typc impur ity el ement to said active layers 
of said p-channel type TFTs to form p-type impurity 
regions (a). 

40. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 
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forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 

patterning said semiconductor film to form active layers 

of n-channel TFFs and p-channel TFTs, 
introducing a p-type impurity element to said active layers 

of said n-channel type TFTs forming said driving 

circuits, whereby p-type impurity regions (b) are 

formed, 

forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel-type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

41. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
subjecting said semiconductor film to an optical 
■ annealing, 

patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of the n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel TFTs to form p-type impurity regions 

42. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing an amorphous 

structure over said substrate, 
introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 
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type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) arc formed, 

forming a crystalline semiconductor film by crystallizing 
said semiconductor film, 

subjecting said crystalline semiconductor film to an opti- 
cal annealing, 

patterning said crystalline semiconductor film to form 
active layers of said n-channel type TFIs and p-channel 
type TFTs, 10 

forming a gate insulating film on said active layers, 

introducing an n-type impurity element through said gate 
insulating film to said active layers of said n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 15 

forming gate wirings on said* gate insulating film, 

introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 2Q 

etching said gate insulating film by using said gate 
wirings as a mask, 

introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and 25 

introducing a p-type impurity element to said active layers 
of said p-channel type TFTs to form p-type impurity 
regions (a). 

43. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 30 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 

introducing a p-typc impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute the 
n-channel type TFTs forming said driving circuits, 
whereby n-type impurity regions (b) are formed, 

patterning said, semiconductor film to form active layers 4S 
of said n-channel type TFTs and p-channel type TFTs, 

forming a gate insulating film on said active layers, 

forming gate wirings on said gate insulating film, 

etching said gate insulating film by the using said gate 
wirings as a mask, 50 

introducing an n-type impurity element to said active 
layers of said n-channcl type TFTs to form n-type 
impurity regions (a), 

introducing a p-type impurity element to said active layers ^ 
of said p-channel type TFIs to form p-type impurity 
regions (a), 

forming an insulation film covering said gate wirings, and 
introducing an n-type impurity element by using said gate 
wirings as a mask to form n-type impurity regions (c). 60 

44. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 
structure over said substrate, 65 

subjecting said semiconductor film to an optical 
annealing, 
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introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute said 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 

patterning said semiconductor film to form active layers 
of said n-channel type TFTs and p-channel type TFTs, 

forming a gate insulating film on said active layers, 

introducing an n-type impurity element through said gate 
insulating film to said active layers of said n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 

forming gate wirings on said gate insulating film, 

etching said gate insulating film by using said gate 
wirings as a mask, 

introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), 

introducing a p-type impurity element to said active layers 
of said p-channel type TFTs to form p-type impurity 
regions (a), 

forming an insulation film, covering said gate wirings, 
and 

introducing an n-type impurity element to said active 
layers through said insulation film by using said gate 
wirings as a mask to form n-type impurity regions (c). 

45. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over the substrate, 
subjecting said semiconductor film to an optical 

annealing, 

patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element, through said gate 

insulating, to said active layers of said n-channel type 

TFTs forming said driving circuits to form n-type 

impurity regions (b), 
introducing a p-type impurity element, through said gate 

insulating film, to said active layers of said n-channel 

type TFTs forming said driving circuit to form p-type 

impurity regions (b), 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layer 

of said p-channel type TFT to form a p-type impurity 

regions (a). 

46. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over the substrate, 
subjecting said semiconductor film to an optical 

annealing, 

patterning said semiconductor film to form active layers 
of n-channel type TFTs and p-channel type TFTs, 
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. , • £i ^tiv* laverc wherein said p-type impurity element is introduced in 

forming a gate insulating film on said active layers ^ ^ yalues of said p . type 

introducing a p-type impurity element, through sua gate made ef ^ ^ Qrdet 

impurity regions (b), s0 ^ Qf fabricating a semiconductor device 

introducing an n-type impurity element, through said gate £ f claims 33 to 46 , whcrein the 

gating, to said act we J^^^lgJ SSkm of said n-typc impurity element contained in 
TFTs forming said driving circuits to iorm type ^ ^ ^ % ^ ^ ^ ^ high ^ 

impurity regions (b), _ 10 that of said n-type impurity element contained in said n-type 

forming gate wirings on said gate insulating film, ^ (b) 

introducing an n-type impurity element to said active ^ ^ proce ss of fabricating a semiconductor device 

layers by using said gate wirings as a mask to rorm accor(Jing to any one of claims 33 to 46, wherein a concen- 

n-type impurity regions (c), tration of said n-type impurity element contained in said 

etching said gate insulating film by using said gate 15 impuxrity regions (c) is 5 to 10 times as high as that 

wirings as a mask, of said p_ lv pe impurity element contained in said p-type 

introducing an n-type impurity element to said active impurity regions (b). 

layers of said n-channel type TFTs to form n-type ^ ^ process of fabricating a semiconductor device 

impurity regions (a), and ^ according to any one of claims 33 to 46, wherein an energy 

introducing a p-lype impurity element to said active layer - density of said opt ical annealing is 250 to 500 mJ/cm 2 . 

of said p-channel type TFT to form a p-type impurity 53 Tfae process 0 f fabricating a semiconductor device 

regions (a). . according to any one of claims 33 to 46, wherein, in said 

47. The process of fabricating a semiconductor device cirai{ts> a portion or all of eacn 0 f sa id n-type 
according to any one of claims 33 to 46, 1$ impurity reg i ons (b) formed in said n-channel type TFTs is 

wherein said n-type impurity regions (a) contains said formed $o as to overlap said gate wiring of said n-channel 

n-type impurity element at a concentration of 1x10 to type tf TSi a nd, 

lxl0 2i atoms/cm , wherein in said pixel portion, said n-type impurity regions 

wherein said n-type impurity regions (b) contains said ^ . q ^ TpTs afe fonned ^ as nQt t0 

n-type impurity element at a concentration of 2x10 to 30 ^ g ^ ^ {ng Qf ^ pixel m . 

5xl0 19 atoms/cm3, and 54 Jhe process 0 f fabricating a semiconductor device 

wherein said n-type impurity regions (c) contains said accor ai ng to claim 53, wherein said n-type impurity element 

n-type impurity element at a concentration of 1x10 to fe introduced t0 ^ n _ t ype impurity regions (b) at a con- 

5xl0 18 atoms/cm 3 . . centration higher than that of said n-type impurity regions 

48. The process of fabricating a semiconductor deice 35 

according to anyone of claims 33 to 46, 55 j^g process of fabricating a semiconductor device 

wherein said p-type impurity regions (a) contains said according to claims to any one of claims 33 to 46, wherein 

p-type impurity element is contained at a concentration said semiconductor device is an electro-optical device 

of 3xl0 20 to 3xl0 21 atoms/cm3, and selected form the group consisting of an active matrix liquid 

wherein said p-type impurity regions (b) contains said 40 crystal display device and an active matrix electrolumines- 

n-tvne impurity element at a concentration of 1x10 to cence display. . 

IxirV 8 Ttoms/cm 3 56. The process of fabricating a semiconductor device 

49 The process of fabricating a semiconductor device according to claim 55 wherein said display device in 

according to ml one of claims 33 to 46, 45 installed into an electronic apparatus selected form the group 

according 10 any u . - ntroduced in 45 consisting of a portable telephone, a video camera, a mobile 

^.£^to3^ii S3££ a type dlplay, a rear projector, a front 

tatrity erion! ) ^ J)Tnd c) r e ma de greater in the projector, a personal computer, an electron* p ay apparatus, 

X or^d SS imperii regions (a)<said n-type an image reproduce apparatus, and a d>gital camera. 

impurity regions (b)<said n-type impurity regions (c), » , * * * 

and 



